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I. SUMMARY 

The G e n e r a l   E l e c t r i c  Company, under   Contract  NAS 3-9422, has  

comple ted   the   bu i ld ing   and   per formance   tes t ing  of an   e l ec t romagne t i c  

pump f o r  u s e  a s  a b o i l e r   f e e d  pump i n  a potassium'  Rankine  cycle,   space 

e lec t r ic  power  system.  The pump has a d e s i g n  f l o w  r a t e   o f  3.25 l b / s e c  

a t  a developed  pressure  head  of  240 p s i ,  when pumping  potassium a t  a 

tempera ture  of 1000°F. 

T h i s   r e p o r t   ( P a r t  I 1  of three p a r t s )   d e s c r i b e s   t h e   d e s i g n   a n d  

b u i l d i n g   o f   t h e  test  f a c i l i t y ,   i n s t a l l a t i o n   o f   t h e  pump i n   t h e  test 

loop ,   opera t ion   check-out ,   and   ex tens ive   per formance  tests o v e r   n e a r l y  

200 test c o n d i t i o n s .   P a r t  I of t h i s   r e p o r t   d e s c r i b e d   t h e  pump des ign ,  

f a b r i c a t i o n ,   a n d  assembly. A s u b s e q u e n t   r e p o r t   ( P a r t  111) will cover 

the  10,000  hour   endurance test and f i n a l   a n a l y s i s   o f   t h e  pump p e r f o r -  

mance. 

The test f a c i l i t y ,   b u i l t  t o  p e r m i t   e s s e n t i a l l y   u n a t t e n d e d   o p e r a t i o n  

a t  des ign   cond i t ions ,   p rov ided   t he   necessa ry   f l ow,   p re s su re ,  power  and 

t e m p e r a t u r e s   r e q u i r e d   t o  test t h e  pump a t  a l l  "of f -des ign"   po in ts .  I t  

i s  e n c l o s e d   i n  a s teel  cub ic l e   t o   p rov ide   p ro t ec t ion   and   con t ro l   o f   any  

l i q u i d   a l k a l i  metal l eaks .   Con t ro l s  are c e n t r a l i z e d   i n  a s e p a r a t e  

room  and provide  a l l  des i r ed   i n fo rma t ion   on   t empera tu res ,   p re s su res ,  

flows,  power, etc. 

A t o t a l  of n e a r l y  200 d i f f e r e n t  test c o n d i t i o n s  were e s t a b l i s h e d  

du r ing   t he   pe r fo rmance  test series t o  o b t a i n   d a t a   o v e r   t h e   e n t i r e  

range of pump c a p a b i l i t y   ( w i t h i n   e s t a b l i s h e d   d e s i g n  limits) a s  shown 

b e l o w :  



K Temperature 

K Flow  Rate 

Pressure  Developed 

NPSH 

NaK I n l e t   C o o l a n t  Temp. 

NaK At 

v o l t a g e  ( phase 1 

Current  ( 1 i ne 

Maximum E f f i c i e n c y  

900 t o  1400OF 

0.75 t o  4.85 l b / s e c  

Up t o  340 p s i  

1 to  22 p s i  

600 t o  900°F 

50 and 100°F 

Up t o  142 V 

Up t o  190 A 

17.39% 

The pump ope ra t ed   t h roughou t   t he  test series without   any  problems,  

and  demonstrated  prompt  response t o   a d j u s t m e n t s   i n   v o l t a g e ,   f l o w   a n d h r  

p r e s s u r e .   S a t i s f a c t o r y  pumping a t  d e s i g n  f l o w  and  developed  pressure 

w a s  demonstrated a t  a n e t   p o s i t i v e   s u c t i o n  head (NPSH) as  low a s  1 .5  p s i .  
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1 I . INl'RODIJCTTON 

Based  on t h e  EM pump des ign   s tudy   under  NASA Con t rac t  NAS 3-8500, 

a s   r e p o r t e d   i n   d e t a i l   ( R e f e r e n c e  11, a f l i g h t   t y p e  pump was b u i l t   f o r  

b o i l e r   f e e d   a p p l i c a t i o n s ,  t o  meet t h e   f o l l o w i n g   d e s i g n   s p e c i f i c a t i o n s .  

Design  Point  Off-Design  Range 

Potassium  Temperature,  OF 1000 900 - 1400 

K Flow Rate ,   lb / sec  3.25 .0.75 - 4.25 

P r e s s u r e  R i s e ,  p s i  240 35 - 300 

NPSH, p s i  7 1 - 22 

NaK Coolant  Temperature,  OF 800 700 - 900 

Vol tage ,  V 135 30 - 165 

As d e s c r i b e d   i n   P a r t  I o f   t h i s   r e p o r t ,   t h e  pump inc luded  T-111 

a l l o y  for t h e   d u c t ,   w i t h   b i m e t a l   t r a n s i t i o n   j o i n t s   t o   p e r m i t   w e l d i n g  

i n t o   t h e  test loop  which was made o f   a u s t e n i t i c   s t a i n l e s s  steel .  The 

pump s t a t o r ,   w i t h  a Hiperco 27 magnetic s t r u c t u r e ,  N i  c l a d  Ag conductors ,  

and   h igh   pur i ty   a lumina  or "S" g l a s s   t a p e   i n s u l a t i o n   i n c l u d e d  a coo l ing  

sec t ion   th rough  which  NaK is  c i r c u l a t e d  by t h e  test f a c i l i t y   d u r i n g  

ope ra t ion .  

The  wide  range  of test  c o n d i t i o n s   s p e c i f i e d   r e q u i r e d   t h a t  a 

f a c i l i t y  be p rov ided   fo r   comprehens ive   con t ro l   o f   a l l   pa rame te r s   and  

e x t e n s i v e   i n s t r u m e n t a t i o n   o u t p u t .  The f a c i l i t y   t o   a c c o m p l i s h   t h e  

t e s t i n g  is d e s c r i b e d   i n   t h i s   r e p o r t .   I n   a d d i t i o n ,   t h e  resul ts  of   the 

performance tests are   presented  and  compared  with  the  expected  perfor-  

mance, c a l c u l a t e d   d u r i n g   t h e   d e s i g n   s t u d y .  

3 



111. TEST  FACILITY 

The test f a c i l i t y  for t h e  EM boiler f eed  pump was des igned   and   bu i l t  

e s p e c i a l l y   f o r   t h i s   p r o g r a m .  The tes t  loop  and pump is i n  a steel 

e n c l o s u r e ,   w h i l e   c o n t r o l   o f   t h e   f a c i l i t y  is c e n t e r e d   i n  a series of 

p a n e l s   r i l i c h   i n c l u d e   a l l   r q c o r d i n g   a s  w e l l  as a d j u s t i n g   f u n c t i o n s   a n d  

is  l o c a t e d   i n   a n   a d j o i n i n g  room. 

A .  T e s t   F a c i l i t y  

The EM Pump T e s t   F a c i l i t y   c o n s i s t s   e s s e n t i a l l y  of a pump loop and 

a coo lan t  loop as shown i n   s c h e m a t i c  form i n   F i g u r e  1. The e l e c t r i c a l  

schemat ic   d iagram of t h e  test pump power  and control arrangement is  

i n c l u d e d   a s   F i g u r e   2 .  

D e s i g n   c r i t e r i a  for t h e   f a c i l i t y   a r e   a s  follows: 

Pump Loop 

a .  

b. 

C. 

d .  

e .  

f .  

g. 

h. 

i .  

j .  

F lu id ,   po tass ium.  

Maximum tempera ture ,  1500°F. 

Maximum p r e s s u r e ,  350 p s i a .  

Flow, 0.75 t o  5.0 l b / s e c .  

D e s i g n   l i f e ,  10,000 hours .  

M a t e r i a l s  of c o n s t r u c t i o n ,  AIS1 t y p e   3 2 1   s t a i n l e s s  s teel .  

Pump i n l e t   p r e s s u r e   r a n g e   n e t   p o s i t i v e   s u c t i o n   h e a d  (NPSH), 

0-35 p s i .  

Pump i n l e t   t e m p e r a t u r e   r a n g e ,  900°-14000F. 

Maximum o x i d e   l e v e l   i n   p o t a s s i u m ,   4 0  ppm. 

C i rcu la t ing   po ta s s ium  loop  t o  be i n s i d e  of a s h e e t   m e t a l  

enc losure   which  i s  vented t o  a s c r u b b e r .  

4 



Coolant  LOOD 

a .  

b. 

C. 

d. 

e. 

f .  

g. 

h. 

i. 

F l u i d ,  NaK - 78 .  

Temperature  range,  600°-10000F. 

Maximum p r e s s u r e ,  50 p s i a .  

Flow, 0.7 lb/sec @ 1000°F. 

Design l i f e ,  10,000 hours.  

M a t e r i a l s   o f   c o n s t r u c t i o n ,  AIS1 t y p e  304 s t a i n l e s s  steel. 

Maximum deve loped   p re s su re ,   25   p s i .  

Maximum o x i d e   l e v e l   i n  NaK, 50 ppm. 

C i r c u l a t i n g  NaK loop  t o  be i n s i d e  of a s h e e t  metal e n c l o s u r e  

which is vented t o  a sc rubbe r .  

B. Pump Loop 

The  general   arrangement  of t h e  test f a c i l i t y   p i p i n g   a n d  components 

i s  shown i n   F i g u r e  3. The pump l o o p   c o n t a i n s  pump d i s c h a r g e   a n d   i n l e t  

p r e s s u r e   t r a n s d u c e r s ,  a t h r o t t l i n g   v a l v e  for c o n t r o l l i n g  pump d i s c h a r g e  

p r e s s u r e ,   a n  EM flowmeter i n  series w i t h  a c a l i b r a t e d   o r i f i c e ,  a by-pass 

t y p e   h o t   t r a p ,  a s a m p l i n g   s t a t i o n ,   a n  a i r  coo le r   fo r   r emov ing  he;t i n p u t  

f rom  the  test pump, and a head  tank t o   c o n t r o l  pump i n l e t   p r e s s u r e .  A 

potassium dump t a n k ,   i n c l u d i n g   a n   i n t e r n a l   h o t   t r a p   a l o n g   w i t h   t h e   n e c e s -  

sary  cover   gas   (argon)   and vacuum systems,  i s  a l s o   p r o v i d e d .  

The pump loop   main   s t ream  p ip ing  i s  1-1/2 inch   Schedule   40   type   321  

s t a i n l e s s  s teel  w i t h   t h e   e x c e p t i o n   o f   t h e   r u n   b e t w e e n   t h e  pump d i s c h a r g e  

a n d   t h r o t t l i n g   v a l v e   i n l e t .   T h i s   s e c t i o n  i s  1-1/4 inch   Schedule  160 t o  

w i t h s t a n d   t h e   h i g h   p r e s s u r e   p o s s i b l e   i n   t h i s   a r e a .  The  by-pass   hot   t rap 

p i p i n g  is 1/2 i nch   Schedu le   40 ,   a s  is t h e   p i p i n g  t o  t h e  dump tank  and 

the   head   tank .  A t  t he   des ign   f l ow  o f   3 .25  lb/sec,  po ta s s ium  ve loc i ty  

5 



i n   t h e   1 - 1 / 2   i n c h   p i p i n g  is  a p p r o x i m a t e l y  5 . 5  f t /sec w h i c h   i n s u r e s  a 

low p r e s s u r e   d r o p   d u e  t o  p i p i n g  losses. T h e   e n t i r e   l o o p   p i p i n g   a n d  

components are trace h e a t e d   w i t h   e l e c t r i c a l   h e a t e r s   w h i c h   c a n   b e  

i n d e p e n d e n t l y   c o n t r o l l e d   d u r i n g   f a c i l i t y   s t a r t - u p  and o p e r a t i o n .  To 

m i n i m i z e   p i p i n g  stresses due t o  t h e r m a l   e x p a n s i o n ,   t h e   e n t i r e   l o o p  i s  

mounted  on s p r i n g   h a n g e r s .   B l a n k e t   t y p e   i n s u l a t i o n  i s  i n s t a l l e d   o v e r  

I n c o n e l   f o i l   ( a p p r o x i m a t e l y  3-1/2 i n c h   o f   i n s u l a t i o n   u s e d   o n   1 4 0 0 ° F  

l i n e s ) .   F i g u r e  4 shows a p o r t i o n   o f   t h e   l o o p  a f t e r  i n s u l a t i o n   h a s   b e e n  

i n s t a l l e d .   F i g u r e  5 s h o w s   t h e   o u t s i d e  of one wal l  o f   t h e   f a c i l i t y  

e n c l o s u r e   w h i c h  a l so  i n c l u d e s   p o r t i o n s  of t h e   a r g o n ,   a i r ,   a n d  vacuum 

s y s  tems . 
Loop  Components 

T h r o t t l e   V a l v e  

One o f   t h e   m a j o r   c o m p o n e n t s   i n   t h e  pump l o o p  is t h e   v a l v e   f o r  

t h r o t t l i n g   t h e   p o t a s s i u m   f l o w .  The t h r o t t l e   v a l v e  i s  shown i n   F i g u r e  6 ,  

T h i s   v a l v e ,   l i k e   m o s t   a l k a l i   m e t a l   v a l v e s ,   c o n t a i n s  a b e l l o w s   s e a l e d  

stem, S t e l l i t e   p l u g   a n d  seat ,  and is f a b r i c a t e d   f r o m  a t y p e   3 2 1   s t a i n l e s s  

s tee l  f o r g i n g .   T h e   b e l l o w s  is r a t e d  for 270 p s i  a t  150O0F. S i n c e   t h e  

p o t a s s i u m   e n t e r s   t h e   v a l v e   u n d e r   t h e   p l u g   t h e   b e l l o w s  i s  never   exposed  

t o   t h e   h i g h  pump d i s c h a r g e   p r e s s u r e .   A r g o n  gas c a n   b e   s u p p l i e d   t o   t h e  

i n s i d e   o f   t h e  bellows t o  o f f s e t   t h e  W across t h e   b e l l o w s  wal l  i f  

n e c e s s a r y .   T h e   v a l v e   i n l e t  p o r t  is 1 -1 /4   i nch   and   t he   d i scha rge  is  

1-1/2 i n c h .   T h e   i n n e r   v a l v e  i s  1 inch   and   has  a flow c o e f f i c i e n t   ( C v )  

of 13.0 which   g ives  i t  a broad   range  of c o n t r o l   c a p a b i l i t y .   T h e   v a l v e  

has  a s t a n d a r d   0 - 2 0   p s i  a i r  o p e r a t o r   a n d   p o s i t i o n e r   f o r   f i n e   c o n t r o l .  
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t l o t  ' r rap 

The  zirconium 

of t h e  main s t r eam 

h o t   t r a p  is  des igned  t o  handle   on ly  a small p o r t i o n  

f low  (approximate ly  1%). The d r i v i n g   p r e s s u r e  is 

ob ta ined  by p l a c i n g   t h e   i n l e t   i n   p a r a l l e l   w i t h   t h e  o r i f i c e  p la t e   u sed  

t o  c a l i b r a t e   t h e  EM flowmeter. I n   o r d e r  t o  o b t a i n   e f f e c t i v e   g e t t e r i n g ,  

t h e   p o r t i o n  of main  s t ream f l o w  e n t e r i n g   t h e   h o t   t r a p  is hea ted  t o  a 

maximum of   1300°F  with a clam s h e l l   t y p e   h e a t e r  mounted  on  the  1/2  inch 

p i p i n g   p r e c e e d i n g   t h e   h o t   t r a p .   T h e   h o t   t r a p   c o n t a i n s   a p p r o x i m a t e l y  

16  pounds  of  zirconium i n   t h e  form of 0.015 i n c h   t h i c k   s h e e t s .  The 

surface a r e a  of zirconium  used is based  on 1.0 i n c h  of s u r f a c e   p e r  4 . 3  

grams  of  potassium i n   t h e   s y s t e m  a t  ope ra t ing   t empera tu re ,  a value 

e s t a b l i s h e d  by p rev ious   r e sea rch   and   ex tens ive   expe r i ence   on   o the r  test 

loops .  A manua l ly   ope ra t ed   va lve   a t   t he   i n l e t  t o  t h e   h o t   t r a p   h e a t e r  

can be a d j u s t e d  t o  e s t a b l i s h   t h e   p r o p e r  f l o w  depending  on  main stream 

temperature   and  the  need for  h o t   t r a p p i n g   b a s e d   o n   p e r i o d i c   a n a l y s i s  of 

the   po ta s s ium.  

2 

Cooler 

The  loop cooler i s  des igned  t o  remove h e a t   i n p u t  t o  the   po tass ium 

f rom  the  test  pump. A n  a x i a l   f i n n e d   t u b e   w i t h   a n  a i r  j a c k e t  t o  c o n t a i n  

t h e ' c o o l i n g  medium is  used. Shop a i r  a t   a p p r o x i m a t e l y   1 0 0   p s i   a n d  less 

t h a n  70°F is used as t h e   c o o l i n g  medium. A remote ly   opera ted   va lve  

c o n t r o l s  a i r  flow depending   on   hea t  t o  be  removed.   The  discharge  a i r ,  

normally a t  300-400°F, is removed v i a  an exhaus t   duc t  t o  the  atmosphere.  

Depending  on pump o p e r a t i n g   c o n d i t i o n s ,   t h e  cooler can  remove  up to  

10 kW of h e a t  from the   po ta s s ium stream. 

7 



Head Tank 

The h e i g h t   o f   t h e   l i q u i d  to  argon  cover  gas i n t e r f a c e  a t  t h e   t o p  

o f   t h e   t a n k   d e t e r m i n e s   t h e   p r e s s u r e   i n   t h e   s y s t e m   a n d   d i r e c t l y   c o n t r o l s  

t h e  pump i n l e t   p r e s s u r e .  The t a n k  is approximately 8 feet long  and 

c o n t a i n s  three l i q u i d   l e v e l   p r o b e s  SO t h a t   t h e   l i q u i d   l e v e l   c a n  be 

determined a t  a n y   p o i n t   i n   t h e   t a n k .  A t  low n e t   p o s i t i v e   s u c t i o n   h e a d  

(NPSH) t h e  amount of head  on  the pump can be determined by the   he igh t  

o f   l i q u i d   i n   t h e   h e a d   t a n k .  A t  h igh NPSH's a rgon   gas  is  in t roduced  

i n t o   t h e   t o p  of t h e   t a n k  t o  create the   p rope r  NPSH. The t o p  1/3 o f   t h e  

t a n k   c o n t a i n s  a clam s h e l l   t y p e  e lec t r ic  hea ter   which   can  be used to  hea t  

t h e   p o t a s s i u m   i n   t h i s   p o r t i o n   o f   t h e   t a n k  up t o  1400'F. The r e s u l t i n g  

vapor   pressure  of   potassium  can  be  used t o  p r o v i d e   t h e  NPSH requ i r ed   w i thou t  

i n t roduc ing   any   a rgon   cove r  gas. Argon  and vacuum l i n e s   l e a v i n g   t h e   t o p  

of t h e   t a n k  are g u a r d   h e a t e d   t o   m a i n t a i n   i s o t h e r m a l   c o n d i t i o n s   d u r i n g  

t h i s   t y p e  of o p e r a t i o n .   T h e s e   l i n e s  are a l s o   f i t t e d   w i t h   v a p o r   t r a p s .  

Dump Tank 

The pump loop  dump t a n k  is des igned   fo r  1400'F a t  7 5  psi  and is a 

code  stamped pressure v e s s e l .  The t a n k   h a s   s u f f i c i e n t  volume t o  c o n t a i n  

100 l b s   o f   p o t a s s i u m  a t  1400'F w i t h   s u f f i c i e n t  free board   for   the   a rgon  

cover  gas. A t i t a n i u m   h o t   t r a p   i n s i d e   o f   t h e   t a n k   p r o v i d e s  a method  of 

ge t te r ing   oxygen   f rom  the   po tass ium af ter  t h e  main  loop is i n i t i a l l y  

f lu shed   and   du r ing   s t andby   ope ra t ion .  A l i q u i d   l e v e l   p r o b e ,  and  argon/ 

vacuum and f i l l i n g   c o n n e c t i o n s  are p r o v i d e d .   E l e c t r i c a l   h e a t e r s  

(approximately 8 kW) sur round  the   t ank  so t h a t  i t  may be h e a t e d   t o  

1300'F f o r   e f f e c t i v e   h o t   t r a p   o p e r a t i o n .  
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I 

111s 1 rumcnta t ion  

Tlw pump loop   conta ins  three s l ack   d i aphragm  type   p re s su re   t r ans -  

ducers   for   potassium  pressure  measurement .  TWO o f   t h e s e   a r e   i n s t a l l e d  

on the p i p i n g   a t   t h e  pump d i scha rge   and   one   a t   t he  pump i n l e t .  The t w o  

u n i t s   a t   t h e  pump d i scha rge   a r e   r equ i r ed   t o   cove r   t he   b road   r ange   o f  

pressure  measurement  required.  One is a 0-150 p s i a   u n i t ,  t h e  o t h e r  a 

0-350 p s i a   u n i t .   B o t h  were c a l i b r a t e d  a t  450°F w i t h   a r g o n   g a s   p r i o r   t o  

i n s t a l l a t i o n .   E a c h   u n i t   h a s  i t s  own h e a t e r  SO t h a t   t h e   t e m p e r a t u r e  a t  

the  diaphragm  can  be  maintained  constant  (500'F) th roughout   the   range  of 

test  condi t ions  imposed  on  the pump. The pump i n l e t   t r a n s d u c e r   c o v e r s  

a range  of 0-50 ps i a   and  was c a l i b r a t e d   i n  a similar manner t o   t h e  

d i s c h a r g e   u n i t s .  A l l  pressure   measurements   f rom  the  uni ts   can  be 

r e c o r d e d   o n   t h e   s t r i p   c h a r t s  on t h e   c o n t r o l   c o n s o l e .  

The EM f lowmeter ,   wi th  a t o l e r a n c e   o f  + - 2%, prov ides  a p r e c i s e  and 

r e p e a t a b l e   o u t p u t   a f t e r   s u i t a b l e   c a l i b r a t i o n .  To p r o v i d e   f o r   c a l i b r a t i o n ,  

a n   o r i f i c e ,  which  had  been c a r e f u l l y   c a l i b r a t e d  a t  a h y d r a u l i c   l a b o r a t o r y ,  

was p l a c e d   i n  t h e  test l o o p   i n  series wi th   t he  EM flowmeter.  Conven- 

t i o n a l   s t a i n l e s s  steel bourdon  tube  gages,  mounted i n  a heated  chamber 

and   a r r anged   fo r   conven ien t   ca l ib ra t ion ,  are used t o  measure t h e   o r i f i c e  

p r e s s u r e   d r o p   f o r   c a l i b r a t i o n   o f  t h e  EM flowmeter,  and are va lved   o f f  

when not  be ing  so used. EM f lowmete r   r ead ings   a r e   r eco rded   du r ing  a l l  

t e s t i n g ,   o n   c o n t i n u o u s   s t r i p   c h a r t s .  

Convent ional  I and, J p r o b e   l i q u i d  l e v e l  i n d i c a t o r s  are used i n  

dump and  head  tanks. 

Chromcl-alumel   type  thermocouples   are   a t tached  to   pipe  wal ls  

throughout t h e  f ac i l i t y   t o   mon i to r   po ta s s ium  t empera tu re .  



_.- .... ._ ..... .. 

A l l  i n s t r u m e n t a t i o n   r e a d o u t s  are loca ted   on   t he   con t ro l   conso le  

d e s c r i b e d   l a t e r   i n   t h e   r e p o r t .  

C .  Coolant Loop 

The coo lan t   l oop   con ta ins   an  EM pump, p re s su re   t r ansduce r ,  EM 

f lowmeter ,   heater ,   cooler ,   head  tank  and dump t ank .  The genera l  

a r rangement   o f   th i s   loop  i s  a l s o  shown i n   F i g u r e  3. Argon cover  gas 

s y s t e m  and  vacuum s y s t e m  are shared  by t h e  two  loops (pump and   coolan t )  

w i th   adequa te   va lv ing   fo r   i ndependen t   ope ra t ion .  The  coolant   loop  piping 

s y s t e m  i s  1/2 inch   Schedu le  40  AIS1 type  304 s t a i n l e s s  s teel .  Like  the 

pump loop ,   the   coolan t   loop  is s u p p o r t e d   o n   s p r i n g   t y p e   h a n g e r s   f o r  

f l e x i b i l i t y .   S i n c e  NaK-78 i s  a l i q u i d   a t  room tempera ture ,  no t r a c e  

hea ters   a re   requi red .   "Preformed"   type  of p i p e   i n s u l a t i o n  i s  used 

th roughou t   t h i s   l oop .  

Coolant Loop Components 

The  major  component  of  the  coolant  loop i s  t h e  EM pump. This  i s  

a h e l i c a l   i n d u c t i o n   t y p e  EM pump r a t e d   a t  0.7 lb / sec   ( f low)  NaK, 1000°F, 

25 p s i .  The pump vo l t age  ( 3  phase ,   240   vo l t s )  is c o n t r o l l e d  by a 

v a r i a b l e   a u t o t r a n s f o r m e r   t o   p r o v i d e  a wide  range  of  voltage  and  coolant 

f low rates. The pump c o n t a i n s   a n   i n t e g r a l l y  mounted a i r  blower for 

c o o l i n g   t h e   s t a t o r   w i n d i n g .  The pump duc t  is type  316 s t a i n l e s s  s tee l  

and  chromel-alumel  type  thermocouples  are  mounted  on  the  duct  and  in  the 

s t a t o r   w i n d i n g s   t o   m o n i t o r  pump ope ra t ion .  

To remove the  heat   p icked-up by t h e  NaK coolant   f rom  the test  pump, 

an a i r  cooled   f inned   tube   cooler  i s  employed.   Operat ion  and  design  are  

i d e n t i c a l   t o   t h e  pump loop  cooler .   Approximately 5 kW of heat  can be 

removed  from t h e  NaK stream wi th  t h i s  u n i t .  
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'l'hc. coolant :   loop  head  tank  provides   the  needed volume for thermal 

cspnnsLion 01 t h e  NaK dur ing   hea t   up ,   s e rves   a s  a means of p r e s s u r i z i n g  

the coo lan t  loop i f   n e c e s s a r y  (i .e., argon  cover   gas  may be  introduced 

to  the   t op   o f   t he   t ank ) ,   and  ac ts  as a c o n t a i n e r  for a l i q u i d   l e v e l  

i n d i c a t o r  so  tha t :   t he   ope ra to r  knows a t  a l l  times t h e  l e v e l  of N a K  i n  

the s y s t e m .  I t  is l o c a t e d  a t  t h e   h i g h e s t   p o i n t   i n   t h e   l o o p   a n d  a vacuum 

l ine   connec t ion   p rov ides  a means of removing a l l   g a s e s  from the   sys tem.  

The   coolan t   loop  dump tank is designed for 1400°F a t  75 p s i  and 

is a coded   p re s su re   ves se l .   The   t ank   has   su f f i c i en t  volume t o   c o n t a i n  

50 l b s  of NaK a t  1400OF. T h i s   t a n k  i s  a l so  equipped  with a h o t   t r a p  

( t i t a n i u m )   f o r   g e t t e r i n g  oxygen  from  the NaK. The NaK  may be  heated 

t o  1300'F w i t h  e l e c t r i c  h e a t e r s   s t r a p p e d  t o  the   t ank  t o  a i d   i n   t h e   h o t  

t r a p p i n g .  

C l a m  s h e l l   h e a t e r s  mounted  on  the 1/2 i n c h   p i p i n g   a r e   u s e d  t o  b r i n g  

t h e  coo lan t   l oop  NaK up t o  opera t ing   tempera ture .   Approximate ly  3 . 5  kW 

of   hea t   can   be   in t roduced   in  t h i s  manner. 

I n s t r u m e n t a t i o n  

The   coolan t   loop   conta ins   one   s lack   d iaphragm  type   t ransducer  

l o c a t e d   i n   t h e   p i p i n g   o n   t h e   d i s c h a r g e   s i d e  of t h e   c o o l a n t  pump. The 

u n i t  has a range  of 0-50 p s i a .  T h e   p n e u m a t i c   s i g n a l   f r o m   t h i s   u n i t  i s  

read   ou t   on  a r ece ive r   gage   on   t he   con t ro l   conso le .  

An EM flowmeter is used t o  moni tor   coolan t  f l o w  with  an  accuracy 

of + - 2%. Chromel-alumel  type  thermocouples  are  used t o  monitor NaK 

t e m p e r a t u r e s   a t   v a r i o u s   p o i n t s   i n   t h e  loop. 
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D .  T e s t   F a c i l i t y   C o n t r o l  

E l e c t r i c a l   a n d   p n e u m a t i c   c o n t r o l  of t h e   f a c i l i t y  is accomplished 

f r o m   t h e   c o n t r o l   c o n s o l e  (refer t o  Figure  7 ) .  E l e c t r i c   h e a t e r s  are 

c o n t r o l l e d  by au to t ransformers   mounted   on   the   pane ls .  Ammeters 

i n d i c a t e   t h e   c u r r e n t   f l o w  t o  t h e   h e a t e r s ,   a n d  meter re lays   connec ted  t o  

c o n t a c t o r s   a u t o m a t i c a l l y   c o n t r o l   c e r t a i n  c r i t i c a l  h e a t e r   c i r c u i t s .  

Approximately 30 kW of 240 v o l t  power i s  a v a i l a b l e  for t h e   v a r i o u s  

h e a t i n g   c i r c u i t s   i n   b o t h   l o o p s .  

S t a r t - s t o p   c o n t r o l s  fo r  b o t h  pumps, s w i t c h e s  for  open-c losed   cont ro l  

of p n e u m a t i c   v a l v e s ,   a n d   c i r c u i t   b r e a k e r s   f o r   h e a t e r   c i r c u i t s ,  are a l l  

mounted  on t h e   c o n t r o l   c o n s o l e .  Remote o p e r a t e d   v a l v e s  are a l l  pneumatic- 

a l l y   o p e r a t e d ,   a n d   p a n e l   l o a d e r s   w i t h  a i r  p r e s s u r e   g a g e s   a r e   p a n e l  

mounted. An a n n u n c i a t o r  t o  warn   t he   ope ra to r  of o u t - o f - l i m i t s   c o n d i t i o n s  

i s  mounted a t  t h e   t o p  of the   cen te r   pane l .   These   ou t -o f - l imi t   a l a rms  

are a lso r e l a y e d  t o  a d j a c e n t   b u i l d i n g s   i n   t h e   e v e n t   n o   o p e r a t o r  i s  a t  

the   conso le  when t r o u b l e   o c c u r s .  

I n t e r l o c k s   w h i c h  w i l l  p rovide   annuncia tor   s igna ls ,   and/or   shut  down 

o f   t h e  test  pump are as f o l l o w s :  

Informat ion   Provided  F u n c t i o d O u t D u t  

"K" T e s t  Pump Winding  Over 
Temperature 

NaK Loop Heater   Temperature  
Con t ro l  

"K" Dump Tank  Temperature 
Cont ro l  

"NaK"  Dump Tank  Temperature 
Cont ro l  

H i  S e t   P o i n t :  S h u t   o f f  power t o  pump 
Low S e t   P o i n t :  A c t i v a t e  alarm and  annunciator  

H i  S e t   P o i n t :  Act iva te   a la rm  and   annuncia tor  
Low S e t   P o i n t :  On-off c o n t r o l  

H i  S e t   P o i n t :   A c t i v a t e   s e p a r a t e   i n d i c a t i n g  

Low Set P o i n t :  On-off c o n t r o l  
L igh t  L-10 - no alarm 

H i  S e t   P o i n t :   A c t i v a t e   s e p a r a t e   i n d i c a t i n g  

Low S e t   P o i n t :  On-off c o n t r o l  
Light  L-11 - N o  a la rm 
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Information  Provided 

Head Tank Dome Heater 
Temperature   Control  

Hot Trap Heater Temperature 
Cont ro l  

"K" Test Pump E x i t  Over 
P r e s s u r e  

Voltage L i m i t  

Curren t  L i m i t  

T e s t  pump Argon S t a t o r  
Cav i ty  Pressure 

K Liquid  Level  Detect i n  
Duct Cav i ty  

NaK LOW F ~ O W  

Vacuum Over Pressure 

Argon Over  Pressure 

F a c i l i t y   E n c l o s u r e  

Function/OutDut 

H i  S e t   P o i n t :  A c t i v a t e  alarm and  annunciator  
Low S e t   P o i n t :  On-off c o n t r o l  

H i  S e t   P o i n t :   A c t i v a t e  alarm and  annunciator  
Low S e t   P o i n t :  On-off c o n t r o l  

H i  Set P o i n t :  Shut   o f f  power t o   p d p  
Low S e t   P o i n t :  Act iva te   a la rm  and   annuncia tor  

H i  S e t   P o i n t :   A c t i v a t e  alarm and  annunciator  

H i  S e t   P o i n t :   A c t i v a t e  alarm and  annunciator  

LOW S e t   P o i n t :   A c t i v a t e  alarm and  annunciator  

C i r c u i t   c l o s u r e   a c t i v a t e s   a l a r m   a n d   a n n u n c i a t o r ;  
a l s o   s h u t s   o f f  power t o  pump 

Low Set P o i n t  : A c t i v a t e  alarm and  annuncia tor  

A c t i v a t e   L i g h t  L-8 

A c t i v a t e   L i g h t  L-9 

The e n t i r e   l i q u i d  metal c o n t a i n i n g   f a c i l i t y  is housed i n  a steel 

e n c l o s u r e  which i n   t u r n  is v e n t e d   t o  a water mash t y p e   s c r u b b e r .   I n   t h e  

even t  of an  a lkal i  metal leak ,   the   normal   ox ide  smoke is given   of f   and  

t h i s  is d e t e c t e d  by s e n s i t i v e  smoke d e t e c t o r s  which  warn t h e  o p e r a t o r  

of a fire. Atmospheric   exhausts  are then   c losed   manua l ly   and   t he   en t i r e  

10,000 cfm s c r u b b e r   c a p a b i l i t y  is connected t o  t he  EM pump f a c i l i t y  

enc losu re .  

F a c i l i t y   C o n s t r u c t i o n  

A l l  s t a i n l e s s  steel p i p i n g ,   f i t t i n g s ,  etc. used i n  the a l k a l i  metal 

c o n t a i n i n g   s e c t i o n s   o f  the  f a c i l i t y  were u l t r a s o n i c a l l y   i n s p e c t e d   p r i o r  

t o  i n s t a l l a t i o n .  A l l  components  such as dump tanks, head  tanks,  etc. 

were helium mass s p e c t r o m e t e r   l e a k   c h e c k e d   p r i o r   t o   w e l d i n g   i n t o  t h e  
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system. A l l  welded j o i n t s  were X-rayed,  and t h e   e n t i r e   s y s t e m  was mass 

s p e c t r o m e t e r   l e a k   t e s t e d   p r i o r   t o   f i l l i n g   w i t h   p o t a s s i u m   o r  NaK. A l l  

components f a l l i n g   u n d e r   t h e   j u r i s d i c t i o n   o f   t h e   U n f i r e d   P r e s s u r e  Vessel 

Code S e c t i o n  V I I I ,  were des igned ,   i n spec ted ,   and   t e s t ed   pe r   t h i s   code .  

A l l  piping  and  components were c l e a n e d   w i t h   t r i c h l o r e t h y l e n e   b e f o r e  

assembly  i n t o   t h e   f a c i l i t y .  

T e s t  Pump Power 

The test pump power was s u p p l i e d ,   a s  shown i n   F i g u r e   2 ,   f r o m   t h e  

480 vol t ,   3-phase,  60 Hz p l a n t  power  supply.  Power  goes t o  a combina- 

t i on   t ype   magne t i c  starter which i n   t u r n   c o n n e c t s   t o  a 0-480 v o l t ,  

3 -phase   motor   opera ted   var iab le   au to t ransformer .  The secondary  of   the 

au to t r ans fo rmer   f eeds  a 4 5  KVA, 3-phase,   480/240  volt   transformer 

connec ted   i n   de l t a -de l t a .   Approx ima te ly  60 W A R  o f   capac i t ance   t ype  

load  is a p p l i e d   t o   t h e   t r a n s f o r m e r   s e c o n d a r y   f o r  power f a c t o r   c o r r e c t i o n .  

Vol tage   and   cur ren t   (us ing   cur ren t   t ransformers)   a re   measured  a t  

t h e  pump s t a t o r   t e r m i n a l s ,   w i t h   a n   o v e r a l l   a c c u r a c y   o f  + - 2%. A H a l l  

e f f e c t  two-element  type wattmeter, wi th   an   accuracy   of  + - 1% a t  0.5 power 

f ac to r   ( t he   no rma l  pump power c o n d i t i o n ) ,  i s  connected i n   t h e  same 

manner a s   t h e   o t h e r   i n s t r u m e n t s .   S c a l e   s e l e c t o r   s w i t c h e s   o n   t h e   c o n t r o l  

pane l   pe rmi t   accu ra t e  meter r e a d i n g s   a t  a l l  l e v e l s   o f   v o l t a g e ,   c u r r e n t ,  

and  power. 

Checkout 

A funct ional   checkout   of  a l l  v a l v e s ,   c o n t r o l s ,   i n s t r u m e n t a t i o n  

w i r i n g ,   e t c .  was p e r f o r m e d   a f t e r   i n s t a l l a t i o n  and  before   the test pump 

was p l a c e d   i n   t h e   l o o p .  A complete mass s p e c t r o m e t e r   l e a k  test was 

pe r fo rmed   p r io r  t o  f i l l i n g   t h e   s y s t e m   w i t h   a l k a l i   m e t a l   a f t e r   i n s t a l -  

lation of the tes t  pump. 
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I V  . PUMP INSTALLATI ON AND CHECK-OUT 

A .  T e s t  Pump I n s t a l l a t i o n  

The t es t  pump mas s u p p o r t e d   i n   t h e  tes t  f a c i l i t y  by  two s t a i n l e s s  

s t ee l  s t r a p   h a n g e r s ,   a n d   t h e   p o t a s s i u m   i n l e t   a n d   o u t l e t   n o z z l e s   a n d   t h e  

NaK c o o l a n t  l i n e s  were b u t t   w e l d e d   t o   t h e   f a c i l i t y   p i p i n g   a s  shown  (by 

a r r o w s )   i n   F i g u r e  8. A l l  f i n a l   n o z z l e  welds were X-ray   inspec ted   and  

he l ium mass s p e c t r o m e t e r  leak checked.  Two c a l i b r a t e d   s h e a t h   t y p e  

chromel-alumel   thermocouples  were i n s t a l l e d   o n   e a c h   o f   t h e   p o t a s s i u m  

i n l e t   a n d   o u t l e t   n o z z l e s ,   a n d  the NaK c o o l a n t   i n l e t   a n d   o u t l e t   n o z z l e s .  

F o u r   c a l i b r a t e d   t h e r m o c o u p l e s  were i n s t a l l e d   i n   t h e  pump s t a t o r   m i n d i n g  

thermocouple  wells. The t es t  pump was t h e n   i n s u l a t e d  w i t h  approx ima te ly  

3 i n c h  of b l a n k e t   t y p e   a l u m i n a  s i l i ca t e  f i b r e   i n s u l a t i o n   t o   m i n i m i z e  

h e a t   l o s s e s   t o   t h e   a m b i e n t  a i r .  The pump i n s t a l l a t i o n ,   w i t h   t h e r m a l  

i n s u l a t i o n   i n   p l a c e ,  is shown i n   F i g u r e  9. 

The f a c i l i t y   c h e c k - o u t   p r o c e d u r e ,   a n d   p l a n s   f o r   t h e   p e r f o r m a n c e  

test, i n c l u d i n g   t h e   s c h e d u l e d  series o f   d a t a   p o i n t s ,  is i n c l u d e d   i n  

Appendix A.  

I n s t r u m e n t a t i o n   C a l i b r a t i o n  

1. P r i o r   t o   i n s t a l l a t i o n ,  test  pump thermocouples  mere c a l i b r a t e d   i n  

aluminum  (1220'F)  and z inc   (787 .1°F)  freeze f u r n a c e s .  A l l  thermo- 

c o u p l e s   u s e d   d e v i a t e d   f r o m   t h e   c a l i b r a t e d   t e m p e r a t u r e s  by less 

t h a n  -+ - 3/8%. 

2 .   P r i o r   t o  s ta r t  o f  test ope ra t ion ,   and   each  30 d a y s   d u r i n g   p e r f o r -  

mance a n d   e n d u r a n c e   t e s t i n g ,   a l l   t e m p e r a t u r e ,   p r e s s u r e   a n d   f l o w  

r e c o r d e r s  are c a l i b r a t e d  by s u p p l y i n g  a v a r i a b l e   m i l l i v o l t   s i g n a l  



from  a  potentiometer w i t h  an  accuracy  of + 0.05% of   r ead ing   p lus  3 

m i c r o v o l t s   t r a c e a b l e   t o  t h e  Na t iona l   Bureau   o f   S t anda rds .   P r io r   t o  

t e s t i n g ,   a l l   i n s t r u m e n t s  met the   a l lowable   accuracy  limits of 

+ - 0.25% o f   f u l l   s c a l e .  

3. P r i o r   t o   i n s t a l l a t i o n   o f   t h e  tes t  pump, d i s c h a r g e   p r e s s u r e   t r a n s -  

ducers  were c a l i b r a t e d   w h i l e   p r e h e a t e d   t o  450°F 2 50°F by supp ly ing  

a r g o n   t o  t h e  loop  pump d i s c h a r g e   p i p e   w i t h   t h e   t h r o t t l e   v a l v e  

closed.   Transducer  mV ou tpu t   ve r sus   a rgon   p re s su re  was r e c o r d e d   i n  

10 p s i   s t e p s   f r o m  0 t o  150 and 350 p s i a ,   r e s p e c t i v e l y ,   f o r   t h e  two 

pump d i scha rge   t r ansduce r s .  The c a l i b r a t i o n  was repea ted  by reduc- 

i n g   t h e   p r e s s u r e   t o   v e r i f y   t h a t  t h e  over -pressure  on t h e  0-150 p s i a  

t r ansduce r  had no a d v e r s e   e f f e c t s   o n  i t s  c a l i b r a t i o n .  The t e s t ,  

pump s u c t i o n   p r e s s u r e   t r a n s d u c e r  w a s  c a l i b r a t e d  i n  a s i m i l a r  

manner  over  the  range  of 0-50 p s i a  by connec t ing   the   a rgon   supply  

t o  t h e  f a c i l i t y  pump i n l e t   p i p e .  Argon  pressure was measured  with 

a + - 0.1%  accuracy   pressure   gage   t raceable   to   the   Nat iona l  Bureau  of  

S tandards .  

C a l i b r a t i o n   c u r v e s   a r e  shown f o r   t h e s e   t r a n s d u c e r s   i n   F i g u r e s  10 

and 11. C a l i b r a t i o n  of these t r a n s d u c e r s  was a l so   checked   over  t h e  

range  of 0 t o  50 p s i a   d u r i n g   t h e  test shutdown a f t e r  248 hours  of 

per formance   tes t ing ,   and   they  will be rechecked   dur ing   any   shut -  

down dur ing   endurance   t e s t ing .  R e s u l t s  o f   t h e   r e c a l i b r a t i o n s  

i n d i c a t e d  less than  2 1% devia t ion   f rom t h e  o r i g i n a l   c a l i b r a t i o n .  

4. D u r i n g   f a c i l i t y   c h e c k o u t ,  t h e  potassium EM f lowmete r   ca l ib ra t ion  

was compared t o  a c a l i b r a t e d   o r i f i c e   m e t e r   i n s t a l l e d   i n  series 

w i t h  t h e  EM flowmeter.  The o r i f i c e  meter had   been   ca l ibra ted  w i t h  
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\ \ x t c ~ r  by thc I lvdraul ics   Laboratory of O h i o   S t a t e   U n i v e r s i t y  t o  a n  

accuracy  OP + 1%. Figure  12  shows  the o r i f ice  c a l i b r a t i o n   d a t a .  - 

The r e l a t i o n   o f   t h e  EM flowmeter o u t p u t  t o  t h e  o r i f i c e  f l o w  measure- 

ment i s  shown i n   F i g u r e  13. T h e   r e s u l t s   i n d i c a t e   t h e   d i f f e r e n c e  

between  the  measurement  methods (as described i n   P a r t  B of t h i s  

S e c t i o n )  is e s s e n t i a l l y   c o n s t a n t   ( c u r v e s   n e a r l y   p a r a l l e l )   o v e r   t h e  

range of flow rates.  A t  d e s i g n   p o i n t   ( 3 . 2 5  lb/sec) t h e   d i f f e r e n c e  

is 9%. 

Loop Evacuat ion  and  Liquid Metal F i l l i n g  

The NaK sys tem w a s  evacuated  t o  below 1 micron,  and 50 pounds of - 

NaK were t r a n s f e r r e d  t o  t h e  dump tank.  Samples for  a n a l y s i s  were taken  

by connec t ing  a sampler  t o  t h e  dump tank  f i l l  l i n e   ( o n l y  when t h e  

f a c i l i t y  w a s  shutdown).   Analysis  of the   s ample   t aken   fo l lowing   t h i s  

t r a n s f e r   i n d i c a t e d  6 ppm oxygen  (as Na 0) i n   t h e  N a K ,  as shown i n  

Tab le  1, Column 5. 

2 

The  potassium  loop w a s  p rehea ted  t o  between 400'F and 600'F for 

approximately 100 hours  and  evacuated t o  1 x 10 torr us ing  a turbo-  
-5  

molecular  pump. F ina l   bakeout  of t h e  test pump T-111  duct was accom- 

p l i s h e d  by f i l l i n g   t h e  N a K  c o o l a n t   l o o p   a n d   c i r c u l a t i n g   t h e  NaK a t  

400'F f o r  6 hours .  A f i n a l   o u t g a s  r a t e  of 0.7 m i c r o n - l i t e r   p e r  

minute  was a t t a i n e d   p r i o r  t o  t r a n s f e r r i n g  100 lbs  of potassium t o  t h e  

potassium dump t ank .   Ana lys i s   o f  a po ta s s ium  sample   t aken   a f t e r  

f i l l i n g   i n d i c a t e d  5 ppm oxygen  (as K 01, as  shown i n   T a b l e  1, Column 1. 2 

Potassium  samples  are taken  by connec t ing  a sample  tube  between 

va lves   ins ta l led   ups t ream  and   downst ream of t h e  f l o w  measuring o r i f i c e  

for  th i s   pu rpose .   Po ta s s ium is bypassed  through  the  sample  tube for  
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a  minimum of 15 minutes  t o  a s s u r e   t h a t  a r e p r e s e n t a t i v e   l o o p   s a m p l e  is 

obta ined .   This   a r rangement   enables   sampl ing   of   the   po tass ium  wi thout  

a n   i n t e r r u p t i o n  t o  test  pump o p e r a t i o n .  

B. Pumr, Checkout   and   Fac i l i tv   Checkout  

The  checkout t es t  p l a n   c a l l e d   f o r   i n i t i a l   o p e r a t i o n   w i t h  100 v o l t s  

s u p p l i e d   t o   t h e  pump, f o r   f i v e   f l o w   c o n d i t i o n s ,   w i t h  a p o t a s s i u m   i n l e t  

t empera ture   o f  lOOO'F a n d   a n   i n l e t   p r e s s u r e   o f  8 p s i a  (7 p s i  NPSH). 

NaK c o o l a n t   i n l e t   t e m p e r a t u r e  w a s  se t  a t  600°F,  and  cooling set  f o r  a 

NaK  AT th rough   t he  pump of 50'F. A c t u a l l y ,   e i g h t   f l o w   r a t e   d a t a   r u n s  

were made a t   t h i s   c o n d i t i o n .   I n   a d d i t i o n ,  s i x  d a t a   r u n s  were made w i t h  

a  pump v o l t a g e  of 135 v o l t s .   T h r e e   o f   t h e s e   r u n s  were made w i t h  NaK 

c o o l a n t   i n l e t   t e m p e r a t u r e  of 600'F and t h r e e  were made w i t h  a tempera ture  

of  650'F, a l l   w i t h  a 50° AT. The 100 V checkout   da ta  was p l o t t e d  as 

shown i n   F i g u r e   1 4 ,   a n d   t h e   r e s u l t s   r e v i e w e d  for c o n s i s t e n c y .  

Pump checkout   da ta  was o b t a i n e d   o v e r  a th ree   day   per iod .   Dur ing  

t h e   c h e c k o u t ,   a n   e s s e n t i a l l y   c o n s t a n t   d i f f e r e n c e   ( a p p r o x i m a t e l y  9% a t  

3 .25   lb / sec)  was observed   in   the   f low  measurements   f rom  the  EM flow- 

meter a n d   t h e   c a l i b r a t e d   o r i f i c e .  A f a c i l i t y   s h u t  down of  12  hours 

t o   o b t a i n  a second NaK sample was a l s o   u s e d  t o  recheck   the   po tass ium EM 

f lowmeter   magnet   f lux   dens i ty   for   compar ison   wi th   o r ig ina l   da ta .   This  

f l u x   v a l u e   a g r e e d   w i t h   t h e   i n i t i a l   r e a d i n g   t a k e n   b e f o r e   p o t a s s i u m  w a s  

p u t   i n   t h e  t e s t  loop .   The   o r i f i ce   p re s su re   gages  were a l so   r echecked  

and  found t o  b e   c o r r e c t .  

I t  shou ld   be   no ted   t ha t   f l ow  r a t e s   f rom  an  EM f lowmeter   a re   normal ly  

c a l c u l a t e d  from t h e   m i l l i - v o l t   r e a d i n g s ,   u s i n g   c a r e f u l l y   d e v e l o p e d  
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e q u a t i o n s   ( R e f e r e n c e  2 ) .  T h e s e   e q u a t i o n s   g e n e r a l l y   p r e d i c t   t h e  correct 

r e l a t i o n  of flow v e r s u s  mV o u t p u t   a n d   t h u s   t h e   s l o p e  of t h e   r e s u l t i n g  

c u r v e ,   b u t   a r e n ' t   d e p e n d a b l y  correct a s  t o  t h e   e x a c t   m a g n i t u d e  of t h e  

flow. T h u s   t h e   c a l i b r a t e d  o r i f ice  p rov ided  a means of e s t a b l i s h i n g  

t h e  correct EM flowmeter o u t p u t   v a l u e s  f o r  v a r i o u s  f l o w  rates a? shown 

by t h e  lower c u r v e   i n   F i g u r e  13. The d i f f e r e n c e   b e t w e e n   t h e   t h e o r e t i c a  

a n d   c a l i b r a t e d   c u r v e s  (9% a t  3 .25  lb/sec) is  w i t h i n   e x p e c t e d   d e v i a t i o n s  

1 

A n a l y s i s  of p o t a s s i u m   s a m p l e s   t a k e n   d u r i n g   c h e c k o u t   o p e r a t i o n ,  as 

shown i n   T a b l e  1, indica ted  oxygen levels  of 4 t o  6 ppm (Column 2 )  

c o n f i r m i n g   t h a t   t h e   f a c i l i t y   b y - p a s s   h o t   t r a p  was v e r y   e f f e c t i v e  a t  

m a i n t a i n i n g  a low l e v e l  of oxygen i n   t h e   s y s t e m .   A n a l y s i s  of t h e  NaK 

sample   t aken  a t  t h e   1 2   h o u r   s h u t d o w n   p e r i o d   i n d i c a t e d  13 t o  15 ppm 

oxygen (as shown i n  T a b l e  1, Column 6) which was w e l l  b e l o w   t h e   s p e c i f i e d  

a l l o w a b l e  limit fo r  t h e  NaK of 50 ppm. 

S i n c e  a t  t h e   c o m p l e t i o n  of t h e  pump c h e c k o u t   d a t a   r u n s  a l l  f a c i l i t y  

c o m p o n e n t s   a n d   i n s t r u m e n t a t i o n  were pe r fo rming   p rope r ly ,   and   t he   above  

men t ioned   checks   had   e s t ab l i shed  a l l  i n s t r u m e n t a t i o n   c a l i b r a t i o n s ,  

p e r f o r m a n c e   t e s t i n g   p r o c e e d e d   i n   a c c o r d a n c e   w i t h   t h e   s c h e d u l e   i n   t h e  

fo rma l  test  p lan   (See   Appendix  A ) .  
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V .  PERFORMANCE  TEST 

‘rhc program t o  explore   the   per formance  of t h e  test pump through a l l  

“oEf-dcsign“ c o n d i t i o n s ,  was i n i t i a t e d   i m m e d i a t e l y  a f t e r  t h e   s u c c e s s f u l  

check-out ol’ t h e .   i a c i l i t y   a n d  pump opera t ion .   The   schedule  for t h e  

serl.rs of performance tests i s  g i v e n   i n   t h e  tab le  which i s  inc luded  as 

p a r t  of t h e   T e s t   P l a n ,   i n c l u d e d   i n   t h i s   r e p o r t  as Appendix A .  

A .  Tes t   P l an   and   P rocedure  

Throughou t   pe r fo rmance   t e s t ing   t he   spec i f i ed  tes t  c o n d i t i o n s  were 

e s t a b l i s h e d   q u i t e   e a s i l y  by  making t h e   f o l l o w i n g   a d j u s t m e n t s   i n   t h e   o r d e r  

l i s t e d ,   f o r   e a c h  tes t  number ( s e e   t h e  table i n  Appendix A ) .  

1. 

2 .  

3 .  

4.  

S p e c i f i e d  pump v o l t a g e  was e s t a b l i s h e d  by a d j u s t i n g   t h e  motor 

ope ra t ed   va r i ab le   vo l t age   t r ans fo rmer   wh ich   supp l i ed  powey t o  

t h e  t es t  pump, and   obse rv ing   t he  pump v o l t a g e   o n   t h e   p r e c i s i o n  

v o l t m e t e r   l o c a t e d   o n   t h e   c o n s o l e .  

Spec i f ied   po tass ium  f low rate  was t h e n   e s t a b l i s h e d  by a d j u s t i n g  

t h e   p o t a s s i u m   t h r o t t l e   v a l v e .  

Spec i f i ed   po ta s s ium pump i n l e t   t e m p e r a t u r e   a n d  NaK coo lan t  pump 

i n l e t   t e m p e r a t u r e  were e s t a b l i s h e d  by a d j u s t i n g   t h e  a i r  supply  

va lves  t o  the   r e spec t ive   po ta s s ium  and  N a K  a i r  coolers.  

Pump i n l e t   p r e s s u r e  was e s t a b l i s h e d  by   ad jus t ing   t he   head   t ank  

dome h e a t e r s .   T h i s   a d j u s t m e n t  se t  t h e  pump i n l e t   p r e s s u r e  by 

p roduc ing   t he   r equ i r ed   po ta s s ium  vapor   p re s su re   i n   t he   head   t ank .  

S i n c e   t h e  dome h e a t e r s  were a u t o m a t i c a l l y   c o n t r o l l e d  to  ma in ta in  

a c o n s t a n t  dome t e m p e r a t u r e ,   t h i s   a d j u s t m e n t  w a s  r equ i r ed   on ly  

when t h e  t es t  p l a n   c a l l e d  for a change i n  pump i n l e t   p r e s s u r e .  
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5 .  The f i n a l   a d j u s t m e n t  was t o   o b t a i n  t h e  s p e c i f i e d  AT between t h e  

pump NaK coo lan t  i n l e t  and o u t l e t  by a d j u s t i n g   t h e  power t o  t h e  

NaK coo lan t  pump, a long  w i t h  some a i r   t o   c o o l e r   a d j u s t m e n t .  I t  

was found  that   the   normal   50°F AT could   be   main ta ined   for  a l l  tests 

except   wi th  low test pump vol tage   (45  V) when t h e  maximum AT w a s  

25OF. 

P r i o r   t o   r e c o r d i n g   d a t a   f o r  a pe r fo rmance   run ,   a l l   t empera tu res  were 

obse rved   t o   r ema in   cons t an t  w i t h i n  + 10°F  for  a m i n i m u m  pe r iod  of  15 - 
minutes   without   making  any  adjustments   to   the test f a c i l i t y .  Pump wind- 

ing   t empera tu res  were t h e   s l o w e s t   t o  reach e q u i l i b r i u m  cond i t ion .  The 

time requi red   to   change   f rom one test p l a n   c o n d i t i o n   t o   t h e   n e x t   c o n d i t i o n  

normally  var ied  f rom 1 t o  3 hours  depending on the  magni tude  of   the 

change.  For a series of  performance  runs a t  t h e  same pump vol tage  and 

t empera tu re   cond i t ions ,   on ly   ad jus tmen t s  2,  3 and 5 above were r e q u i r e d .  

B. T e s t  R e s u l t s  

A l l  bas ic   per formance  test results are t a b u l a t e d   i n   T a b l e  2 ,  showing 

t h e   m a j o r   d a t a   o f   i n t e r e s t   i n   s t u d y i n g   t h e  pump behavior .  A comparison 

w i t h   t h e  list i n   t h e   p l a n  shows a t o t a l  of 40 e x t r a   d a t a   r u n s  were made 

where t h e   p l o t   o f   p e r f o r m a n c e   d a t a   i n d i c a t e d   t h a t   a d d i t i o n a l   p o i n t s  were 

r e q u i r e d   t o  better de f ine   t he   pe r fo rmance   cu rves .  Test performance 

curves ,  for t he   cond i t ions   o f   ma jo r   i n t e re s t ,   p lo t t ed   f rom  the   da t a  

taken  a t  each  test p o i n t ,  are shown i n   F i g u r e s  15 t h r o u g h   2 3   f o r  a NaK 

i n l e t  of 800°F  and K temperatures  of  1000°F,  900°F,  and  1300'F.  These 

curves  show developed   pressure ,   power   input ,   e f f ic iency ,   and  power f a c t o r  

versus   po tass ium f l o w  rates a t  t h e   v a r i o u s  test vo l t ages .  
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The o r i g i n a l  test p l a n  w a s  fo l lowed   ve ry   c lose ly   w i th   t he   excep t ion  

t h a t  a 150   vo l t  test series w a s  s u b s t i t u t e d   f o r   t h e   p l a n n e d   1 6 5   v o l t  

series (P31  through  P35) .   This  was due t o   t h e   f a c t   t h a t   t h e  test pump 

produced  somewhat   higher   head  than  predicted a t  t h e   1 6 5   v o l t   c o n d i t i o n ,  

and  would  have  exceeded  the  300  psia  pressure  normal maximum r a t i n g   o f  

t h e  test  pump and test f a c i l i t y .  Near the  end  of   the  performance test 

program a s p e c i a l   b r i e f  test run  (P60A) was made a t  a pump d i scha rge  

p r e s s u r e   o f   3 4 8   p s i a   t o   d e t e r m i n e   t h e   e f f e c t s   o n  pump e f f i c i e n c y   o f   t h e  

higher  developed  head. 

Also,  several sets of test  c o n d i t i o n s  were r e p e a t e d   t o   d e t e r m i n e  

t h e   r e p e a t a b i l i t y  of t h e   d a t a ,  as shown i n  Table  2.  Compare, f o r  

example, test r u n s  C3-C3A, P6A-P6B, P9-P9AY  P20-P20AY and P21B-P21C. 

The d i f f e r e n c e s   b e t w e e n   t h e   c a l c u l a t e d   e f f i c i e n c y  for t hese   r epea ted  

runs  ranged  from a minimum of   0 .08   pe rcen tage   po in t s   fo r   t he  maximum 

e f f i c i e n c y   ( 1 4 . 1 3 % )   r u n ,   t o  a maximum of 0.57 pe rcen tage   po in t s   be tween  

t h e  lowest   f low  and  eff ic iency  (2 .02%)  runs.   The r e s u l t s  undoubtedly 

would  have  been c l o s e r  on  the low f l o w   c o n d i t i o n s   e x c e p t   t h a t   a l l   p a r a -  

meters ( f low,   p re s su re ,   e t c . )   cou ld   no t   a lways   be   dup l i ca t ed .  

C a v i t a t i o n  Tests 

The  f ina l   phase   o f   pe r fo rmance   t e s t ing   cons i s t ed   o f   t h ree  

c a v i t a t i o n  tes ts  performed a t  a constant   f low,   head,   and  vol tage,   wi th  

t h e  pump i n l e t   p r e s s u r e   c o n s t a n t l y   r e d u c e d   u n t i l  pump c a v i t a t i o n  w a s  

i n d i c a t e d  by a r e d u c t i o n  of flow  and pump d i s c h a r g e   p r e s s u r e .  A sound 

pickup was i n s t a l l e d   o n  a s t a i n l e s s  s tee l  s t r a p  welded t o   t h e  pump i n l e t  

nozzle   and  cavi ta t ion  s .ounds were recorded  on  tape.  The  sound of 

c a v i t a t i o n  was q u i t e  audib le   and   occur red  a t  the  t i m e  t h e  f i r s t  r educ t ion  
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i n   p r e s s u r e  and  flow  occurred  and  stopped a t  t h e   p o i n t  where  the  f low 

and   p re s su re   fu l ly   r ecove red .   Throughou t   t he   pe r fo rmance   t e s t ing   and  

these t h r e e   c a v i t a t i o n  tests, pump i n l e t   p r e s s u r e  was c o n t r o l l e d  by 

potassium  vapor   pressure  in   the  head  tank  adjusted by changing  the  head 

tank  dome tempera ture .  

The first o f   t h e   t h r e e   c a v i t a t i o n  tests (P-111) w a s  r epea ted   w i th  

a rgon   in   the   head   tank   and   the  pump i n l e t   p r e s s u r e   a d j u s t e d  by changing 

t h e   a r g o n   p r e s s u r e   i n   t h e   h e a d   t a n k .   I n   b o t h   c a s e s ,   c a v i t a t i o n   s t a r t e d  

as t h e   i n l e t   p r e s s u r e   d r o p p e d   t o   a b o u t  2 p s i a   r e p r e s e n t i n g  1.0 p s i  NPSH 

f o r  lOOOOF potass ium  in le t   t empera ture   and   des ign   f low  of   3 .25   lb / sec .  

The pump came o u t   o f   c a v i t a t i o n  when t h e   i n l e t   p r e s s u r e  w a s  r a i s e d   t o  

2 . 5   p s i a   ( 1 . 5   p s i  NPSH). 

For a maximum f low  condi t ion  of   4 .25  lb/sec  and  1000°F  inlet  

t empera tu re   (P -112)   cav i t a t ion   s t a r t ed  a t  between 5 and 5.5 p s i a   i n l e t  

p r e s s u r e   r e p r e s e n t i n g  a NPSH of  4 to   4 .5   p s i .   Fo r   t he   1300°F   po ta s s ium 

i n l e t  temperature  and maximum f low  of   4 .2   lb / sec   (P-113)   cav i ta t ion  

s t a r t e d   a t  10 p s i a   i n l e t   p r e s s u r e   r e p r e s e n t i n g  a NPSH of 1 . 2   p s i .  Flow 

a n d   p r e s s u r e   t r a c e s   f o r   t h e   c a v i t a t i o n   r u n  a t  des ign   cond i t ions  are shown 

in   F igu res   24   and   25   ( t e s t   p -111) .  

Reverse Flow Tests 

A t  the   end   of   the   scheduled   per formance   tes t ing ,  pump power w a s  

r eve r sed   and   t h ree   spec ia l  low  head test runs  w e r e  made t o   o b s e r v e   t h e  

e f f e c t   o f   r e v e r s e  pump opera t ion   on  pump per formance .   These   da ta   po in ts  

(P l lA,  E, & C - Rev., i n   T a b l e   2 )  are compared  with r e s u l t s  i n  t h e  

normal   f low  direct ion  f rom  data   points   P11,  12  and 13, in   F igu re   26 .  
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P o s t   P e r f o r m a n c e   T e s t   P l a n s  

P e r f o r m a n c e   t e s t i n g   r e q u i r e d  a t o t a l   o f   4 1 9   h o u r s  of pump o p e r a t i o n ,  

p e r f o r m e d   i n   t w o   " r o u n d   t h e   c l o c k "   t e s t i n g   p e r i o d s   o f   2 4 8   h o u r s   a n d  

171 h o u r s .   T h e   f a c i l i t y  w a s  shu tdown   be tween   t hese   two   pe r iods   t o  

e v a l u a t e   d a t a ,   f i n a l i z e   t h e   r e m a i n d e r   o f   t h e  test p l a n ,   a n d   r e c a l i b r a t e  

t h e  i n s t r u m e n t a t i o n .  A l l  i n s t r u m e n t a t i o n  w a s  f o u n d   t o   h a v e   t h e  same 

c a l i b r a t i o n   w i t h i n  + 1% o f   i n i t i a l   c a l i b r a t i o n .   I m m e d i a t e l y   f o l l o w i n g  - 

t h e   c o m p l e t i o n   o f   p e r f o r m a n c e   t e s t i n g ,   e n d u r a n c e   t e s t i n g  was s tar ted 

a t  t h e   c o n d i t i o n s   l i s t e d   b e l o w .  

Po ta s s ium  F low  Ra te :   3 .25   l b / sec  + - 10% 

Po tas s ium  In l e t   Tempera tu re :   1000°F  + 15'F 

P o t a s s i u m   I n l e t   P r e s s u r e :  8 p s i a  + 1 p s i  

P o t a s s i u m   D i s c h a r g e   P r e s s u r e :   2 4 8   p s i a  + 5 p s i  

NaK I n l e t  Temperature:   800°F + 10°F 

NaK AT: 50°F + 10°F 

- 

- 

- 

- 

- 

Performance of t h e  pump a t   t h e   d e s i g n   p o i n t   ( 3 . 2 5   l b / s e c   f l o w   o f  

1000°F potass ium  and   wi th   800°F NaK - AT of  50°F) was n o t   n o t i c e a b l y  

a f f e c t e d  by t h e   e x t r e m e s   i n   t e m p e r a t u r e s ,   f l o w s ,   v o l t a g e ,   e t c . ,   t o   w h i c h  

t h e  pump was s u b j e c t e d   d u r i n g   t h e  test series. However, t h e   c o i l  

( w i n d i n g )   r e s i s t a n c e   t o   g r o u n d ,   w h i c h   c o u l d   b e   a f f e c t e d  by any  contamina- 

t i o n   o f   t h e   a l u m i n a   s l o t   i n s u l a t i o n   e n d   s u r f a c e s ,   d e c r e a s e d   f r o m   t h e  

i n i t i a l  v a l u e  of   about   one  megohm ( a t   1 0 0 0 ° F )   t o   a b o u t   2 0 0   k i l o h m s   ( a t  

t h e  same t e m p e r a t u r e ) .   D a t a   d u r i n g  t h e  l a t t e r  p a r t  of t h e  performance 

test  i n d i c a t e d   t h e   2 0 0   k i l o h m s  v a l u e  w a s  n o t   d e c r e a s i n g   f u r t h e r ,   a n d  

was s t i l l  c o m p l e t e l y   s a t i s f a c t o r y   f o r   t h e   e n d u r a n c e  test  program. 
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VI. ILESUL'I'S A N D  DISCUSSION 

Tlw d:\tn ob ta ined  rrom the e x t e n s i v e  series of performance tests 

is  1 - h ~ ~  cud  1vsul t :  of n mn.ior p o r t i o n  o f  the   program.  Basic   data   f rom 

c:\ch t e s t .  nrc  sulnmarized i n   T a b l e  2 a n d   t h e   c u r v e s   i n   F i g u r e  15 through 

23, showing   r e su l t s   f rom  the   ex tens ive  series of tests a t  major tempera- 

ture cond i t ions .   These   da t a  w i l l  be a n a l y z e d   i n   t h i s  sec t ion  of t h e  

r e p o r t .  

A. -. Comparison - - - . - . . with   Des ign   Calcu la t ions  

Comparison of t h e  test r e s u l t s   w i t h   t h e   d e s i g n   c a l c u l a t i o n s   i n d i c a t e d  

g e n e r a l l y  good  agreement.  The  behavior of t h e  pump w a s  b a s i c a l l y  as 

p r e d i c t e d .  The gene ra l   shapes  of t h e  test d a t a   c u r v e s ,   p l o t t e d   a g a i n s t  

f low rate,  were cons i s t en t   and  similar t o  t h e   c a l c u l a t e d   c u r v e s .  The 

curves  for t h e   a c t u a l  tests (F igu res  15 through  23)  may be compared 

d i r e c t l y   w i t h   t h e   c a l c u l a t e d   c u r v e s   w h i c h  are i n   P a r t  I o f   t h i s   r e p o r t ,  

but  t o  s impl i fy   the   compar ison ,   the   ca lcu la ted   per formance  fo r  t h e  

s t anda rd   des ign   cond i t ions   o f   1000°F   po ta s s ium  and  800°F NaK (50'F At)  

are inc luded  i n  t h i s  r e p o r t   i n   F i g u r e s   2 7 ,  28, and 29, a l o n g   w i t h   a c t u a l  

performance resul ts  fo r  3 l i n e   v o l t a g e s .  

A t  t h e   d e s i g n  p o i n t  Tlow ralc (3.25 l b / s e c ) ,  a comparison  of   the 

c u r v e s   i n   F i g u r e   2 7  w i  1 1  s h o w  l h n l  the dcvcloped   pressure   f rom  the   per -  

formance tests w a s  v e r y  n o a r l y  I . h v  snmc- as that p r e d i c t e d   i n   t h e   d e s i g n  

c a l c u l a t i o n s .  For cxarnplc, w i  L h  135 V a p p l i e d  l o  t h e  pump, t h e   p r e s s u r e  

was 245 p s i ,  on ly  5 p s i  ntjovc* L h v  p r c d i c t c d  v a l u e .  A t  4 .0  l b / sec   f l ow 

wlth 135 vol te ,  t h e  v a l u c s  were Lhc same. A t  v o l t a g e s  below 135 V ,  

rnd at  lower flow rates, the   ac tua l   per formance  tests showed t h e  

presaure to be up t o  8% h ighe r   t han   p red ic t ed .  
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The  power i n p u t   d a t a ,  shown i n   F i g u r e   2 8   i n d i c a t e s   t h a t  a t  t h e  

des ign   po in t   f l ow  cond i t ion   and   w i th   135  V a p p l i e d ,   t h e   a c t u a l  power 

i n p u t  w a s  about  22 kW, w h i l e   t h e   p r e d i c t e d  power was about  18 kW, a 

d i f f e r e n c e   o f   a b o u t  18%. A t  lower vo l t ages ,   however ,   t he   ac tua l  was 

closer t o  t h e   p r e d i c t e d   v a l u e .  For example,   wi th  70 v o l t s  i t  was 6 kW 

versus  5 .5  kW, a d i f f e r e n c e  of about  10%. 

The h i g h e r  power r e q u i r e d ,   e s p e c i a l l y   n e a r   t h e   d e s i g n   p o i n t ,   r e s u l t e d  

i n  a l ower   t han   p red ic t ed   e f f i c i ency .   Re fe rence  t o  t h e   c u r v e s   i n   F i g u r e  

29 show t h a t   f o r   t h e  135 V c o n d i t i o n   ( d e s i g n   p o i n t   f l o w  rate)  t h e  

e f f i c i e n c y  w a s  j u s t   o v e r  16% w h i l e   t h e   p r e d i c t e d   v a l u e  was ove r  18%. 

Fur thermore ,   the   p red ic ted   peak  was a t   t h e   d e s i g n   p o i n t   w h i l e   t h e  

performance tes t  showed a peak a t  about  3.12  lb/sec o r  16.6% w i t h  135 V 

power i n p u t .   T h e   p e a k   e f f i c i e n c y ,   w h i l e   s l i g h t l y  below t h e   e x p e c t e d  

va lue ,  i s  of   course much b e t t e r   t h a n   w i t h   a n y   p r e v i o u s l y   a v a i l a b l e  EM 

pumps o f   s i m i l a r   r a t i n g s   a n d   h e a v i e r   w e i g h t .  

A t  l ower   f l ows   and   vo l t ages   t han   t he   des ign   po in t   cond i t ions ,   t he  

performance test  r e s u l t s   ( F i g u r e   2 9 )  show t h e   e f f i c i e n c y  i s  much closer 

t o   t h e   p r e d i c t e d   v a l u e .   W i t h  70 v o l t s   i n p u t ,   f o r   e x a m p l e ,   t h e   a c t u a l  

e f f i c i e n c y  was s l i g h t l y   a b o v e   t h e   p r e d i c t e d  a t  11.6%. When t h e   v o l t a g e  

was r a i sed   above   t he   no rma l  135 V ,  t h e   e f f i c i e n c y   i n c r e a s e d   s l i g h t l y ,  

bu t   a s   t he   f l ow was inc reased   above   t he   3 .25   l b / sec  rate t h e   a c t u a l  

e f f i c i e n c y   d e c r e a s e d  more rap id ly   t han   p red ic t ed .   Fo r   example ,   w i th  

135 V and a flow ra te  o f   4 . 2 5   l b / s e c ,   t h e   a c t u a l   e f f i c i e n c y  was 10.5%, 

w h i l e  t h e   p r e d i c t e d   v a l u e  w a s  15.570, a dec rease   o f  5 p e r c e n t a g e   p o i n t s .  

or change  of   near ly  30%. 
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Performance   da ta   for  tests w i t h  90O0F potassium are shown  by the 

a d d i t i o n a l   c u r v e s   i n   F i g u r e s  18, 19  and   20 ,   whi le   the   da ta   for  tests 

mith 1300'F potassium are shown i n   F i g u r e s  21, 22  and  23.   The  calculated 

p r e d i c t i o n s   f o r   p r e s s u r e ,  power,  and e f f i c i e n c y  a t  100 and 135 v o l t s ,  

are shown by t h e   d a s h   l i n e s  on t h e s e   c u r v e   s h e e t s .  I t  is  o b v i o u s   t h a t  

t h e  pump develops  more  pressure  than was p r e d i c t e d   f o r   t h e  same potass ium 

flow rate  and   appl ied   vo l tage .  However, t h e  power i n p u t  is  h ighe r   t han  

p r e d i c t e d ,   r e s u l t i n g   i n  a lower   t han   expec ted   e f f i c i ency .  

The  Power F a c t o r   v a l u e s   c a l c u l a t e d   f r o m   t h e  tes t  d a t a ,  are shown 

by the   add i t iona l   cu rves   on   F igu res  17, 20  and  23. A s i n g l e   c u r v e  

v e r y   c l o s e l y   d e f i n e s   t h e  results o f   t h e  tests ove r   t he   r ange   o f   vo l t ages  

shown  by Figures  20  and  23.  However,  the  wide  range  of test v o l t a g e s  

shown i n   F i g u r e  17 r e s u l t e d   i n  a greater s p r e a d   i n   t h e  power factor 

va lues   and , fo r   i n fo rma t ion   pu rposes ,   add i t iona l   cu rves  are inc luded  

f o r   t h e  maximum and minimum test  vo l t ages .  

A compar i son   o f   ac tua l   and   ca l cu la t ed   va lues   fo r   t he  power f a c t o r  

i s  shown by t h e  two  curves i n   F i g u r e  29. I t  will b e   n o t e d   t h a t   t h e  

a c t u a l  is about  5% h ighe r   t han   expec ted ,  a t  t h e   d e s i g n   p o i n t ,  i.e., 

52% vs.  47.5%. 

B. Analysis of Pump Performance 

P r e s s u r e  

A r ev iew  o f   t he  "summarytt cu rves   i n   F igu re   27   shows   t ha t   deve loped  

p r e s s u r e   v a r i e s  more r a p i d l y   w i t h   f l o w   t h a n  was p r e d i c t e d   i n   d e s i g n  

c a l c u l a t i o n s .  The  curves are " s t eepe r"   t han   expec ted ,   e spec ia l ly   above  

the   des ign   po in t   f l ow  (3 .25   l b / sec ) .  
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There may b e   s e v e r a l   i n t e r r e l a t e d   r e a s o n s  for  t h e   s t e e p e r  flow 

curves .   S ince   the  phenomenon is  d i r e c t l y   r e l a t e d  t o  flow, be ing  more 

pronounced a t  the   h ighe r   f l ow rates, i t  is most l i k e l y   r e l a t e d  t o  a 

h y d r a u l i c  effect  which   causes   h igher   hydraul ic  loss  a t  the   h ighe r  flow 

rates t h a n   o r i g i n a l l y   p r e d i c t e d .   T h i s   w o u l d   t h e n  show  up as a lower 

d e v e l o p e d   p r e s s u r e   a n d   h i g h e r   l o s s e s   r e s u l t i n g   i n  a lower e f f i c i e n c y .  

One p o s s i b l e   h y d r a u l i c  effect  t h a t   c o u l d   b e   r e s p o n s i b l e  fo r  t h e  

lower t h a n   p r e d i c t e d   p r e s s u r e  a t  h igh  flow i s  v o r t e x   a c t i o n  a t  the   end  

o f   t h e   d u c t  af ter  t h e   f l u i d   l e a v e s   t h e   h e l i c a l   p a s s a g e   a n d   e n t e r s   t h e  

c e n t e r   r e t u r n   p i p e  a t  a s m a l l e r   d i a m e t e r .   T h e   f l u i d  is undoubtedly 

"spinning" as i t  l e a v e s   t h e   h e l i x   a n d   c o u l d  create a v o r t e x   i n  i ts  

a t t empt  t o  conserve   angular  momentum as t h e  flow p a t h  moves r a d i a l l y  

i n w a r d s   a n d   e n t e r s   t h e  smaller d i a m e t e r   c e n t e r   p i p e .   T h i s   p a r t i c u l a r  

phenomenon could  possibly  be  overcome by r e v e r s i n g   t h e  direction of 

flow t h r u   t h e  pump i n   f u t u r e   d e s i g n s .  One series of tests were a t tempted  

t o  v e r i f y   t h i s  fact .  While  performance  seemed t o  improve when f low was 

r e v e r s e d ,   t h e   r e s u l t s  were no t   conc lus ive   because   t he   sys t em  and   i n s t ru -  

menta t ion   se t -up   prevented   running   any  tests wi th   deve loped   p re s su res  

g r e a t e r   t h a n  50 p s i .  Hence o n l y   t h r e e   p o i n t s  were t aken   and   t hese   d id  

no t   cove r  a wide  enough  range of performance.  The  data is shown  by t h e  

c u r v e s   i n   F i g u r e  26. 

As no ted   by   t he   power   f ac to r   cu rves   i n   F igu re  17, t h e r e  was a 

sp read  of va lues  a t  d i f f e r e n t   v o l t a g e s   a l t h o u g h   t h i s  was not   expec ted  

t o  be very great b e c a u s e   t h e   r e a c t i v e  component of t h e  power i n p u t  i s  

a l a r g e  i t e m  and  changes i n   u s e f u l   i n p u t  power  does  not  have a major 

effect on   the  t o t a l  K V A .  The greatest change i n   " t r e n d "  was noted 
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w i t h  data   f rom t h e  45 V test, b u t  because  of the low va lues   o f  KVA and 

kW involved,   and t h e  l a r g e  effect  t h a t  t h e  kV measurement  would  have, i t  

i s  f e l t  t ha t  t h e  data i s  no t   comple t e ly   t yp ica l .  

A check  of  Figure 29 shows t h a t  t h e   a c t u a l  power f a c t o r  mas s e v e r a l  

pe rcen tage   po in t s   h ighe r   t han   expec ted ,   due   p robab ly   t o   t he   h ighe r  I R 

l o s s e s   i n  i h e  windings. T h i s  makes t h e  k’w power i n p u t   h i g h e r ,  the  PF 

h ighe r ,  b u t  t h e   e f f i c i e n c y   l o w e r ,  as n o t e d   i n   F i g u r e s  17, 20 and 23. 

2 

The t o t a l  KVA i n p u t s  were v e r y   c l o s e   t o  t he  c a l c u l a t e d   v a l u e s ,  

i n d i c a t i n g   b a s i c   p a r a m e t e r s   i n  t h e  computer  program  used i n  t h e  des ign  

work are very  good. 

E f  f i c iencv  

O v e r a l l ,  i t  appears  t h a t  t h e  steeper pressure   f low  curves ,   and  

t h e  lower   e f f i c i ency  (higher  l o s s e s )  a t  h igh   f low rates as shown  by t h e  

summary c u r v e s   i n   F i g u r e s  27, 28 and 29 may very  well be due t o  some 

unde te rmined   hydrau l i c   e f f ec t .  The v o r t e x   a c t i o n ,  as already  ment ioned,  

and   unexpec ted   p re s su re   d rops   i n   t he  helix, mould s u b t r a c t   d i r e c t l y  

from the  e l e c t r o m a g n e t i c a l l y   d e v e l o p e d   p r e s s u r e ,   r e s u l t i n g   i n   h i g h e r  

l o s ses   and   i nc reased  power  requirements,   and i s  a direct f u n c t i o n  of 

f lorn rate. 

Ano the r   poss ib l e   cause   fo r  some of t h e  a d d i t i o n a l   l o s s e s  and the  

drop-off i n   e f f i c i e n c y  a t  t h e  des ign   po in t   and  higher f low rates is 

p o s s i b l e   s a t u r a t i o n   i n   t h e   s t a t o r   i r o n   o r   c e n t e r   i r o n   c o r e .   T h i s   c o u l d  

cause a higher  m a g n e t i z i n g   c u r r e n t   r e s u l t i n g   i n  higher winding I R as 

well as i r o n   l o s s e s .  The i n t e r l a m i n a r   i n s u l a t i o n   v a r i e s   f r o m  0.001 - . 

0.002 inches   th ick   on   each   punching   lamina t ion   and   hence   could   poss ib ly  

r e p r e s e n t   a s  much as 10%  of t he  t o t a l   s t a t o r   s t a c k   l e n g t h ,  a t  t h e  upper 

2 
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t o l e r a n c e  limit. T h i s   w o u l d   r e d u c e   t h e   u s e f u l   m a g n e t i c   m a t e r i a l   t o  90% 

of t h e   s t a c k   l e n g t h ,   t h e r e b y   i n c r e a s i n g   t h e  f l u x  d e n s i t y   i n   t h e   i r o n  

u n t i l  i t  is very  much n e a r e r   t h e   r e g i o n  of s a t u r a t i o n   t h a n  i ts  normal 

value  which w a s  used for  t h e   d e s i g n   c a l c u l a t i o n s .  

The   t he rma l   i n su la t ion   (d impled  Nb-l% Zr f o i l )  between  the  duct   and 

s t a t o r   p r o v e d  t o  b e   q u i t e  as e f f e c t i v e ,   a s  w a s  p r e d i c t e d ,   i n   l i m i t i n g  

t h e   h e a t   t r a n s f e r   b e t w e e n   t h e   d u c t   a n d  s ta tor .  A t  t h e  same time, t h e  

hea t   t r ans fe r   be tween   t he   w ind ings ,  stator core and   the  NaK coolan t  

i n   t h e  s t a t o r  frame hea t   exchanger   appears  t o  be  very  good.   Variat ions 

i n   p o t a s s i u m   t e m p e r a t u r e   b e t w e e n  900°F and 1400°F d i d   n o t   s u b s t a n t i a l l y  

affect  overal l   winding  temperature .   The  performance was n o t  as good 

a t  1400°F due   mos t ly  t o  t h e   i n c r e a s e d  e lectr ical  r e s i s t i v i t y  of t h e  

potass ium  which   led  t o  h igher   po tass ium,  stator i ron   and   w ind ing  

cu r ren t s ,   and   t hus ,  losses. The r e l a t i v e   c h a n g e s   i n   p e r f o r m a n c e   w i t h  

vol tage   and   po tass ium  tempera ture  were c o n s i s t e n t   w i t h  the p r e d i c t i o n s .  

Heat Balance 

T o   e s t a b l i s h   t h e   v a l i d i t y  of the  measured e lectr ical  power  and 

c a l c u l a t e d   h y d r a u l i c  power  used t o  de termine  pump e f f i c i e n c y ,   h e a t  

ba lances  were c a l c u l a t e d  from the  measured  temperature  rise i n   t h e  

potassium  and NaK for  a number of performance  runs.  A c a l c u l a t e d   h e a t  

loss t o  ambient   through  the 3 i n c h   t h e r m a l   i n s u l a t i o n   c o v e r i n g   t h e  pump 

of 350 watts was added t o  t h e   h e a t  losses c a l c u l a t e d  from t h e   f l u i d  

tempera ture  rise and  compared  with  the pump losses determined by sub- 

t r a c t i n g   t h e   h y d r a u l i c  power from t h e  t o t a l  measured e l ec t r i c  power.  The 

r e s u l t s  of th i s   compar ison  are shown  below. I n  a l l  i n s t a n c e s   t h e  

d e v i a t i o n  shown i s  less t h a n  would r e s u l t  from a n  error i n  measurement 

of the   po ta s s ium AT of 1°F. 
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T e s t  
Number 

P1 

P2 

P3 

P6 

P7 

P8 

P16 

P17 

P18 

P3 1 

P3 3 

P34 

Genera l  

C a l c u l a t e d  
Losses  t o  K & N a K ,  

P lus  Loss t o  Ambient 
KW 

17.66  

19 .55  

19 .45  

5 .56  

6 .16  

6 .22  

9 . 7 1  

11.11 

11 .29  

20 .39  

22 .22  

22 .72  

T o t a l   L o s s e s  - 
(Measured Power Less 

Hydraul ic   Power)  
Kw 

17.99 

18.72 

18.88 

5.57  

5 . 7 5  

5 .97  

10.18 

10.39  

11 .33  

21 .07  

21 .78  

22 .02  

D e v i a t i o n  
% 

-1.8 

+ 4 . 4  

+3.0 

-0 .2  

+7.1 

t-4.2 

-4 .6  

+7 .O 

- 0 . 3  

-3 .2  

+2 .o 
+ 3 . 3  

The pump po ta s s ium  f low  r e sponded   immedia t e ly  t o  c o n t r o l   a d j u s t m e n t  

o f   vo l t age ,   wh ich  i s  a major advantage   o f  EM pumps i n   t h a t   t h e y   c a n  

r e a d i l y   b e   c o n t r o l l e d   s i m p l y  by v a r y i n g   v o l t a g e .  By a d j u s t i n g   t h e  

p r e s s u r e   w i t h   t h e   t h r o t t l e   v a l v e ,   t h e   f l o w  was a l s o   q u i c k l y   a n d   p o s i t i v e l y  

a d  j u s  t e d  . 
The test r e s u l t s  i n d i c a t e d   t h a t   i n l e t   ( s u c t i o n )   p r e s s u r e   c o u l d   b e  

v a r i e d   a p p r e c i a b l y   w i t h o u t   a n y   e f f e c t  on per formance .   To  carry t h i s  to  

t h e   e x t r e m e ,  a series of  tests were made t o  c h e c k   t h e   c a v i t a t i o n   p e r f o r -  

mance o f   t h e  pump. These were tests P-111 t h r u  P-113 i n   T a b l e  2 .  The 

resu l t s  a t  t h e   d e s i g n   p o i n t   f l o w  ra te  a n d   p r e s s u r e  (P-111 t o  P-111-5) are 

p a r t i c u l a r l y   i n t e r e s t i n g .  The pressure   measurements  are shown i n  

F i g u r e  25 and   t he   co r re spond ing   f l ow  measu remen t s   i n   F igu re  24. I t  can  

be s e e n   t h a t   c a v i t a t i o n  starts a t  2 p s i a   i n l e t   p r e s s u r e ,   w h i c h   w i t h  
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1000°F  potassium is  e q u i v a l e n t  t o  t h e   v e r y  l o w  NPSH of 1 p s i .  The pump 

r a t h e r   s u d d e n l y  came o u t  of c a v i t a t i o n  a f te r  t h e   i n l e t   p r e s s u r e  was 

r a i s e d  t o  on ly  2.5 p s i a  (1.5 p s i  NPSH). 

Dur ing   ope ra t ion  of t h e  pump, the   winding   tempera tures  were measured 

a t  each  test d a t a   p o i n t  by  means of t h e r m o c o u p l e s   i n s e r t e d   i n  wells 

which were a t t a c h e d  t o  t h e   w i n d i n g   e n d   t u r n s .   I n   a d d i t i o n ,  a check  on 

average   winding   tempera ture  w a s  made p e r i o d i c a l l y  by  removing  power  and 

immedia te ly   measur ing   the   winding   res i s tance   be tween  te rmina ls   whi le   the  

u n i t  w a s  ho t .  By taking  measurements  a t  s e v e r a l   i n t e r v a l s   o f  time, t h e  

r e s i s t a n c e  a t  t h e  moment of s h u t  down can  be ex t r apo la t ed   and   t he reby  

g i v e   a n   i n d i c a t i o n  of average  winding  temperature ,   and a check of 

r e a d i n g s  from thermocouples   mounted   on   the   end   jo in ts  of the  windings.  

These   measurements   ind ica ted   winding   tempera tures   ( the   average   f rom  the  

four   thermocouples)  of about 1050OF a t  t h e   d e s i g n  flow poin t ,   and  by 

r e s i s t a n c e  of about  (average)  1100-1150°F. The lower thermocouple 

r ead ings  are due t o  t h e  loss of hea t   t h ru   t he   t he rmocoup le  w e l l  by 

conduct ion,   and  the e l ec t r i ca l  "S" g l a s s   t a p e   i n s u l a t i o n   b e t w e e n   t h e  

thermocouple well and  the  conductor  material. 

The ave rage   w ind ing   t empera tu re ,   by   des ign   ca l cu la t ion ,  was expec ted  

t o  be  about  1050OF.  The higher  measured  temperature  (1100-1150°F) by 

r e s i s t a n c e  i s  due t o  t h e   s l i g h t l y   h i g h e r   l o s s e s   t h a n   p r e d i c t e d ,   m e n t i o n e d  

p rev ious ly .  The s t a t o r   w i n d i n g   t e m p e r a t u r e  rise above  the 800°F N a K  

coo lan t  i s  about  20% h i g h e r   d u e   t o   t h e   a d d i t i o n a l   c u r r e n t   a n d   r e s u l t i n g  

l o s s e s .   W h i l e   t h i s  raises the   p robab le  s t a to r  hot   spot   t empera ture  

somewhat  above i t s  predic ted   1200°F  va lue ,  i t  i s  still  s a t i s f a c t o r y   a n d  

b e l o w   t h e   e s t a b l i s h e d   d e s i g n  limit o f   1 4 0 0 ° F   f o r   t h e   s t a t o r  materials 

and   t he   b razed   j o in t   des ign   and   ma te r i a l .  
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VI I . CONCLUSIONS 

The e l ec t romagne t i c  (EM)  pump, des igned   fo r  pumping  1000°F  potas- 

s i u m  a t   h i g h   p r e s s u r e   f o r  t h e  b o i l e r   f e e d   a p p l i c a t i o n   i n  a Rankine 

cyc le   space  power s y s t e m  has   been   tes ted   over  a  wide  range  of  voltages, 

f l ow  r a t e s ,   deve loped   p re s su res ,   and   po ta s s ium  t empera tu res   t o   p rov ide  

a n   e x t e n s i v e  map of  pump performance.  The pump performance  reached a 

maximum of  16.3% e f f i c i e n c y   a t   a n d   n e a r  i ts des ign   po in t   cond i t ion  of 

3.25  lb/sec,   1000°F  potassium,  with  an  input  voltage  of 135 V and a 

developed  pressure  of   240  psi .  

A r ev iew  o f   t he   pe r fo rmance   da t a   i nd ica t e s   t ha t   t he   p re s su re  

d e v e l o p e d   i n   t h e  pump va r i ed  more rap id ly   wi th   change   of   f low  than  w a s  

expec ted .  T h i s  may i n d i c a t e   g r e a t e r   h y d r a u l i c   l o s s e s   i n   t h e   d u c t   t h a n  

p r e d i c t e d .   E f f i c i e n c y  was s l i g h t l y  below  expected  values   a l though 

higher   than  ever   obtained  f rom  any  comparable  pump. 

Winding  temperatures were somewhat h i g h e r   t h a n   p r e d i c t e d ,   i n d i c a t i n g  

a d d i t i o n a l  I R lo s ses   and   poss ib ly   i ron   l o s ses   due   t o  some s a t u r a t i o n  

of t h e  s t a t o r   i r o n   o r   c e n t e r   i r o n   c o r e .  However, t h e  maximum tempera- 

t u r e s  a t   t h e   b r a z e d   c o i l   j o i n t s  were h ighe r   t han   p red ic t ed   bu t  well 

below  the limits f o r  t h e  s p e c i a l   j o i n t   d e s i g n   t h a t  was developed   dur ing  

t h e   s t a t o r   d e s i g n   a n d   f a b r i c a t i o n   p h a s e  of t h e  program. 

2 

The pump was v e r y   r e s p o n s i v e   t o   v o l t a g e   c h a n g e ,   i n d i c a t i n g   a n  

easy  method of f low/p res su re   con t ro l  when i n   s e r v i c e .   F u r t h e r m o r e ,  

t h e   s u c t i o n   p r e s s u r e   c o u l d  be a d j u s t e d   o v e r  a wide  range  without 

apprec i ab ly   a f f ec t ing   pe r fo rmance ,   and  t h e  NPSH could be r e d u c e d   t o  

as low a s  1.5 ps i   w i thou t   hav ing   t he  pump go i n t o   c a v i t a t i o n   w i t h   t h e  

r e s u l t i n g   l o s s  of developed  head  and  f low,and  r isk  of   cavi ta t ion damage. 
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Overal l ,   the  test f a c i l i t y  and  the test pump performed i n  a very 

acceptable  manner, c o n f i r m i n g   a l l   d e s i g n  estimates and  expectat ions .  

Fol lowing  the   complet ion of performance t e s t i n g ,   s t a n d a r d   ( d e s i g n )  

condi t ions  were e s t a b l i s h e d  and  the pump endurance test of 10,000  hours 

durat ion was i n i t i a t e d .  
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APPENDIX A 

PUMP  PERFORMANCE "'EST PLAN 

l'ricrr 1 0  r c ' c w n - i i n g  performance  data,   temperatures  must  remain 

~ . c r n s t n n t  \vi t h i n  _f 10°F :~nd  f lows   mus t   remain   cons tan t   wi th in  2 10% for  

1. 

2. 

3. 

4. 

I n i t i a l   p e r f o r m a n c e   d a t a   p o i n t  w i l l  b e   e s t a b l i s h e d  as follows: 

Pump v o l t a g e  135 V f 1 v o l t  

Pump i n l e t   p r e s s u r e  8 p s i a  2 1 p s i a  

Pump in l e t   t empera tu re   1000°F  t 10°F 

NaK coo lan t   f l ow  ad jus t ed  as r e q u i r e d  t o  ma in ta in   t he  
NaK A t  a t  50°F 2 10°F 

NaK i n l e t   c o o l a n t   t e m p e r a t u r e   8 0 0 ° F  2 10°F 

Potass ium  thro t t le   va lve   wide   open  or t h r o t t l e d  as necessa ry  
t o  o b t a i n  a maximum flow of 4.25 l b / s e c  

Reduce  potassium  flow by a d j u s t i n g   t h r o t t l e   v a l v e   i n  -20% s t e p s  t o  

ob ta in   po ta s s ium flows ind ica t ed   on  test p l a n  down t o   0 . 7 5   I b / s e c  

f l o w   o r  300 p s i a  pump ex i t   p re s su re ,   wh icheve r   occu r s  f i rs t ,  and 

make necessa ry  cooler ad jus tments  t o  m a i n t a i n   o t h e r   c o n d i t i o n s  

cons t an t .  Do no t  allow pump e x i t   d i s c h a r g e   p r e s s u r e  t o  exceed 

300 p s i a ,  or flow to  drop  b e l o w  0.75 lblsec, wi thout   approval .  

Perform test r u n s   i n   s e q u e n c e  as i n d i c a t e d   o n  test p l a n   t a b u l a t i o n .  

Record a l l  data ind ica ted   on   Per formance   Tes t   Data   Shee t ,   and   check  

r e s u l t s  before proceeding  t o  t h e   n e x t   s e t t i n g .  

A t  t h e   b e g i n n i n g  of each  series of tests w i t h  a d i f f e r e n t  NaK i n l e t  

t e m p e r a t u r e   t h e  power t o  t h e  test pump will be t u r n e d  of f  and   the  

NaK flow reduced t o  one gpm. After one hour  for temperature 
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s t n b i l i z n t i o n  the NnK flow A t  a c r o s s   t h e  pump w i l l  be recorded  

to dc tc rmine   t he  heat losses   f rom  the  pump t o   t h e   a m b i e n t   e n v i r o n -  

mcnt . , 

5. Set   winding temperature meter relay t r i p  "high set p o i n t "  a t  

1250'F. Se t  alarm "low set  p o i n t "   a t  50°F t o  100°F  above  reading. 

Masimum s e t t i n g   t o  be 1200'F f o r   t h e   a l a r m  low set po in t " .  
I 1  

6. After p o i n t s  P5 and P40 have  been  taken, test d a t a  will be reviewed 

t o   c o n s i d e r   p o s s i b l e   r e v i s i o n  t o  t h e  test p lan .  
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APPEND1 X A (Cont ' d )  

EM BOILFR FEED PTJMP  PERFORMANCE TEST CONDITIONS 
" 

PUmD Po t   a s s i  um 
I n l e t  K - P u p  NaK I n l e t  Pump Voltage Flow Rate 

( 1 )  

Test No. p s i a   I n l e t  Temp. O F  Temp. OF Vol t s   l b / sec  

c1 8 1000  600  100  4.25 
c2 
c3 
c4 
c 5  
P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P2 1 
P22 
P2 3 
P24 
P2 5 
P26 
P2 7 
P28 
P2 9 
P30 
P3 1 
P32 
P3 3 
P34 
P35 
P36 
P37 
P38 
P39 

T I 3.25 
2.45 
1 .65  

600  0.75 
800  135  4.25 
A 3.25 

3.0 
2.45 
2.0 

70 3.25 
2.45 
2 .o 
1.65 

I 0.75  
85 4 - 2 5  

3.25 
2.45 
1.65 
0.75 

12 5 4.25 
- 

3.25 
2.45 
2 .0  
1.65 

142  4.25 
4.0 
3.5 
3.25 
3.0 

165 4.25 
4.15 
4.0 
3.75 
3.5 

45  2.45 
2.0 
1.65 
1 .o 

P40 8 1000  800  0.75 
" 
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APPENDIX A (Cont'd) 

Pump Potassium 
I n l e t  K-Pump NaK I n l e t  Pump Voltage Flow Rate 

T e s t  No. p s i a  I n l e t  Temp. OF Temp. OF Volts   lb/sec 

P4 1 7.4 900 800 135  4.25 
P42 3.25 
P4 3 3.0 
P44 

3.25 P47 
12 5 4 -25 P4 6 

2.0 P4 5 
2.45 

P88 22.2  1400  800 2.45 
w V Y 3.25 P8 7 

125  4.25 P86 
2 .o P8 5 
2.45 P84 
3.0 P8 3 
3.25 P8 2 b 

P8 1 22.2  1400  800 135  4.25 
P80 15.8 1300  800 3.5 
P7 9 

165  4.25 P78 
0.75 P7 7 
1.65 P7 6 
2.45 P7 5 

85  3.25 P74 
0.75 P7 3 
1.65 P72 
2.45 P7 1 
3.25 P70 

100 4.25 P6 9 
2.45 P68 
3.25 P67 

12 5 4.25 P66 
2.0 P6 5 
2.45 P64 
3.0 P63 
3.25 P- P62 

P6 1 15.8 1300  800 135  4.25 
P60 7.4 900 800 3.5 

4.0 k * P59 v 
165  4.25 P58 

0.75 P57 
1.65 P56 
2.45 P55 

85  3.25 P54 
0.75 P53 
1.65 P52 
2.45 P5 1 
3.25 P50 

100 4.25 P4 9 
2.45 P4 8 

A fi  h 

m A 

"" ~ ~- 

V 
w 4 .O rr 

A A 
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APPEND1 X A (Cont ' d )  

PWP Po tas s i  um 
I n l e t  K-PUIUP NaK I n l e t  pump Voltage Flow Rate  

Test No. p s i a   I n l e t  Temp. OF .Temp. OF Vol ts   lb / sec  

P8 9 22.2  1400  800  100  4.25 

P9 1 2.45 
P92 1 .65  
P93  0.75 
P94 85 3.25 
P95 

1.65 P96 
2.45 

165  4.25 P98 
0.75 P97 

P90 c h h 3.25 

P99 

PllO  22.2  1000  2.0 
-4 2.45 P109 v 

3 .O P108 
3.25 P107 

900 135  4.25 P106 
2.0  P105 
2.45 P104 

t o   i n c r e a s e   t o  100°F)  3.0  P103 
h (Allow NaK D e l t a - T  3.25 P102 

1000  800  135  4.25 PlOl 
1400  800  3.5 PlOO 

4.0 w sv 

Note :   For   the   fo l lowing   da ta   runs   es tab l i sh   condi t ions   ind ica ted   wi th   15   ps i  NPSH 
and  then  reduce NPSH u n t i l   i n c e p t i o n   o f   c a v i t a t i o n  i s  i n d i c a t e d  by a r educ t ion  
of head  and/or  flow.  Control NPSH by potassium  vapor  pressure  in  head  tank. 

P l l l   1 5   t o  1 1000 800  Voltage  Required  3.25 
to  Produce  240 p s i  
pump head. 

P112 1 5   t o  1 1000  800  165  4.25 

P113 15 t o  8 1300 800 165  4.25 

('I W i t h  NaK A t  of  50°F  except  as  noted. 
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F i g u r e  1. Schematic  Diagram of T e s t   F a c i l i t y  Showing T e s t  Pump and  Cooling  Loops.  
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Figure 2 .  Electrical   Schematic  Diagram of Power and Control Circu i t s  for Test  Pump and Cooling Pump. 



Figure 3.  Sketch (Isometric) of EM Boiler Feed Pump Test  Facility. 
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F i g u r e  4 .  P a r t   o f   t h e  EM Boi l e r   Feed  Pump T e s t   F a c i l i t y   A f t e r   I n s t a l l a t i o n  
o f   P i p i n g   I n s u l a t i o n ,  Ready f o r  Pump. 
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F i g u r e  5. O u t s i d e  o f  One Wall of Pump T e s t   F a c i l i t y   S t e e l   E n c l o s u r e .  
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. , 

F i g u r e  6. EM T e s t  Pump L o o p   ( P o t a s s i u m )   T h r o t t l e  Valve w i t h  Air O p e r a t o r .  
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Figure  7. EM Pump Tes t   Fac i l i ty   Cont ro l   and   Record ing   Console .  



Figure  8. Close-up o f  EM Test Pump After  Mounting i n  Fac i l i ty   and   Weld ing  
(Shown by  Arrows) o f  t h e  K and NaK P i p e s .  



rp 
W 

Figure  9. EM Pump Test F a c i l i t y   A f t e r   I n s t a l l a t i o n   o f  Test Pump (Foreground) 
wi th  Its T / C ' s ,  Power Leads  and  Final   Insulat ion.  
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F i g u r e  1 3 .  Pump O u t l e t   P i p e  EM Flow Meter Calcula ted   Output   Curves ,   and   Adjus ted   Curve  
Based on O r i f i c e   D a t a .  
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Figure   14 .  EM Pump Check-Out Test  Data  Curves  Showing  Pressure,  Power, 
Power F a c t o r   a n d   E f f i c i e n c y   f o r   t h e  Check-Out Tes t   Cond i t ions .  

54 



0 

EM BOILER 

~ 

~ O O O O F  K I n l e t  
800°F NaK I n l e t  
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Figure   15 .   Pe r fo rmance  Test Curves for Deve loped   P res su res   Over   Fu l l  
Range of V o l t a g e s ,   w i t h  1000°F K ,  and  800°F NaK. 
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K Flow - l b / s e c  

Des ign   Po in t  

F i g u r e   1 6 .   P e r f o r m a n c e   T e s t   C u r v e s   f o r  T e s t  Power  Input  O v e r  F u l l  Range 
of V o l t a g e s   w i t h  1000°F K and  800°F NaK. 
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Figure  17.  Performance Test Curves for Calculated  Efficiency and 
Power Factor Over Fu l l  Range of Voltages  with 1000°F K 
and 800°F NaK. 
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Range   of   Vol tages   wi th  900°F K and  800°F NaK. 
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Figure 20. Performance T e s t  Curves for C a l c u l a t e d   E f f i c i e n c y  and 
Power Factor   Over   Indicated Range of Vo l tages   w i th  
900°F K and  800°F NaK. 
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F i g u r e  21.  Pe r fo rmance   Tes t   Curves   fo r   Deve loped   P res su res   Over   Ind ica t ed  
Range   of   Vol tages ,   wi th  1300°F K and 800°F NaK. 
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F i g u r e  22.  Performance   Tes t   Curves  for T e s t  Power   Input   Over   Ind ica ted  
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Figure  23. Performance Test Curves   for   Calcu la ted   Ef f ic iency   and  
Power Fac tor   Over   Ind ica ted  Range of Vo l t ages   w i th  
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TABLF 1 

ANALYTICAL  RFSULTS FOR SAMPLES 

FROM TEST  FACILITIES LOOPS 

Date 

Oxygen 

Carbon 

Ag 
A 1  
B 
Ba 
Be 
Ca 
Cb 
c u  
co 
C r  
Fe 
Li 
Mg 
Mn 
Mo 
N i  
Pb 
S i  
Sn 
Sr 
Ta 
Ti 
V 
Z r  
Na 

Potassium 
- ~~ 

1 

7-17-69 

PPm - 
395 

39 

<2 
<2 
<2 0 
<20 
<2 
(2 

<lo  
2 
<2 
t6 
<2 
<2 
2 
<2 
<6 
<6 

< 10 
a 0  
<6 

< 10 
<2 
<2 
<6 
<6 

2 

7-21-69 

PPm - 
4949596 

56 

<2 
10 
t30 
(20 
(2 
2 

<10 
2 
<2 
10 
2 

2 
<2 
<2 
t2 

< 20 
10 
: 10 
(2 

< 10 
< 10 
< 10 
(50 

3 

7-31-69 

- PPm 

394 

30 

<2 
10 
<30 
<20 
<2 
2 

i: 10 
2 
<2 
2 
2 

2 
<2 
<2 
(2 

<20 
20 

<lo  
<2 
<2 

< 10 
c 10 
<lo  
< 50 

4 

8-19-69 

- PPm 

3 

28 

4 

m 
8 
E 
a" 

* r l  

c, 
e, 

c, 

2 
0 

V 

NaK 
5 

7-11-69 

- PPm 

5 96 

32 

<2 
<2 
<20 
<20 
<2 
<2 

< 20 
<2 
c2 
<6 
<2 
<2 
<2 
<2 
(6 

i10 
<10 
<6 

<lo  
<2 
<2 
<6 
(6 

6 

7-23-69 

PPm 

13,15 

32 

- 

A 

'CI 

8 
E 
a" 

.rl 

c, 
0, 

c, 

z 0 

0 

7 

8-4-69 

- PPm 

8,9 

21 

2 
26 

c 20 
<20 
<2 
c2 
<20 
4 
<2 
(6 
10 
<2 
2 
<2 
<6 
<6 
<10 
36 
<6 
<10 
:2 
<2 
<6 
<6 
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SUMMARY  OF DATA FROM PUMP PERFORMANCE  TEST  PROGRAM 

Test Conditions (1)  R e s u l t s  _- 
Pump K NaK  NaK  Nom. Disch. Power Power 

Test I n l e t  I n l e t  I n l e t  A T Line K Flow Press .   Input   Eff ic iency  Factor  
N o .  p s i a  OF  OF  OF Volts   lb/sec  psia  kW % % 
"""" 

c1 8.2  1000  600 50 100  4.26  21.0  10.4  2.28  46.6 
klA 6.8 
c2 7.4 
c3  7.4 
C3A 8.8 
c4  8.0 
c5  8 .3  
C6 8 .O 
C6A 8.0 
C6 B 8.0 
c7  8.2 
C8 8.0 
c9   8 .5  
c10  8.0 

P1 8.8 
P 1 A  8.8 
P1B 8.8 
P1C 9.0 
P2 8.8 
P2A 9.4 
P3 10.2 
P6 8.0 
P6A 8.0 
P6B 7.7 
P7 8 .O 
P8 8.0 
P9 8.0 
P9A 8.2 
P10 8.2 
P11 7.7 
P ~ ~ A - R ( ~ )  28.0 
P11B-R(2) 19.2 
PllC-R(2) 14.0 
P12 8.0 
P13 7.8 
P14 8.0 
P15 8.0 
P16 8.0 
P17 8.0 
P18 8.0 

-" 

P19 8 .O 

"c 
600 

JI 

6 50 z 
6 50 
600 

T 
600 

800 

T 
3.70 82.5 11.2 10.89 49.6 
3.14 146.5 12.4 15.33 52.1 
2.46 175.0 12.8 14.05 53.7 

I 2.50 175.0 12.8 14.13 53.6 
. .  1.72 235.0 14.0 12.15 55.6 

150 0.75 280.0 14.8 5.98 56.5 
135 3.3 262.5 22.0 16.13 51.7 

m 3.3 258.0 22.0 15.84 52.1 
I 3.26 258.0 22.0 16.08 52.1 

3.15  286.0  22.4  17.01  52.6 
4.20  144.0  19.8  12.56  48.2 

135  2.65  342.0  23.6  16.31  54.2 
100  3.20  130.0  12.0  14.16  51.4 

135  4.3 110.0 19.2 9.89 48.4 
f i  4 .O 158.0 20.4 12.76 50.5 

3.74 193.0 20.8 14.42 51.2 
3.5 227.0 21.2 15.65 52.1 
3.22 245.0 22.0 14.95 52.9 
3.24 269.0 22.4 16.33 53.3 

135 2.9 290.0 22.4 15.80 
70 3.26 31.0 5.90 5.54 

78.5 6.50 11.55 
96.5 6.75 11.64 

118.5 7.00 11.27 
114.5 7.00 11.25 

54.1 
52.4 
51.5 
50.9 
55.2 
56.2 
56.1 
56.2 

70 0.72 140.0 7.20 5.73 57.6 
85  3.86 15.2 3.00 1.56 50.3 

4.5 48.0 7.20 5.44 46.2 

3.55  50.0  7.20  7.73  46.3 
3.94 49.3  7.20  7.17  46.8 

3.24  74.0  8.80  10.50  52.4 
I 2.5  121.5  9.60  12.89 55.2 1 1.56 175.0  10.4 10.91  57.5 

0.75 208.0  10.9 5.99  58.4 
85  4.2 20.0  10.4 2.11 48.0 

100  3.24 123.0  12.0 13.48  52.3 
2.45 184.0  13.2 14 -22  54.7 
1.64 238.0 14.0 11.73  56.5 

P20 8.0 1000  800 50 100  0.75 277.0  14.8 5.93  57.8 
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TABLE 2 (Continued) 

Test Condit ions ( 1 )  R e s u l t s  
P U P  K NaK  NaK  Nom. Disch. Power  Power 

No. p s i a  OF OF OF Vol t s   l b / sec   p s i a  kW % 5% 
Test I n l e t  I n l e t  I n l e t  A T L i n e  K Flow Pres s .   Inpu t   E f f i c i ency   Fac to r  
"""" 

P20A 8.0  1000  800  50  100  0.72 274 .O 14.4  5.79  57.1 
P2 1 8 .2  
P2 1 A  8 .0  
P2 1 B  8.1 
P2 1c 8 .0  
P22 8 .0  
P2 3 8 .0  
P2 6  8 .O 
P27 8 .O 
P2 8  8 .O 
P2 9  8 .O 
P30  8 .O 
P3 1 8 . 0  
P32 8 .O 
P33 8 .0  
P3 3A 8 .O 
P34 8 .O 
P36 7 . 5  
P37 7 . 5  

b 

P38 8 . 0  
P39 8 . 2  J 
P4 0 8.2  1000 
P4 1 7.4  900 
P4 1 A  7 .4  
P4 1 B  7 .4  
P42 7.4 
P4 3 7.0 
P4 6 7 .5  
P4 6A 7.4 
P46B 7.2 
P4 7 7 . 5  
P4 7A 7.2 
P4 9 7 . 5  
P50 7 . 1  
P51 7 . 1  
P52 6.8 
P53 7 . 5  
P54 7.4 
P54A 7.4 
P5 5 7.4 
P56 7.4 
P57 7.4 
P58 7 . 3  
P58A 7.4 
P59 7.4 . 

h 125  4.2  90.0  16.4  9.07  48.5 
n 3.75 160.0 18.1 13.70 51.4 

4.68 35.0 15.6 1.87 45.3 
4 .7  23.0 15.2 2.02 45.5 

Y 3.25 222.0 19.0 15.92 53.1 
125 2.45 300.0 20.8 14.97 55.6 
142 4.25 140.0 21.6 11.30 49 .1  

4 .O 188.5 22.6 13.91 50.6 
3 .5  262.0 24.0 16.13 52 - 4  
3.25 290.0 24.5 16.28 53.5 

142 4.95 24.a  19.0 1.81 44 .5  
150  4.25 172.0 24.4 12.43 49.4 

4.10 194.0 24.8 13.39 50.2 
4 .0  217.0 25.4 14.28 51 .O 

T 

Y .L 3.87  238.0  25.7  15.07  51.1 
50 150  3.75 265.0 26.2 15.98 51.8 
25  45  2.45 15.0 2.90 2.76 57.5 

2.0 32.0 3 .05  6 .55  58.9 
1 .65  41.0 3.10 7.42 59.6 

Y & 1 .o 57.0 3.23 6.50 60.7 

A 

25  45 0 .75  61.0 3 .33  5.19 60.8 
50 135 4.25 142.0 20.5 11.89 50.7 

,+ 4.82  37.0  18.4  3.31  47 .O 
3.75  228.0  22.5  15.70  53.4 

3 3.25  289.0  23.6  16.56  54.9 
135 2.9 340.0 24.2 17.04 54.6 
125 4.24 106.0 17.6 10.11 50.3 

f i  4.7  35.0  16.0  3 .46  47.2 
3.8  170.0 18.8 14.04  53.0 

3 3.22 234.0 19.8 15.76 54.4 
125  2.9 284.0 21.2 16.17 56.2 
100  4.22 28.0 11.1 3.31 50.5 

3.20 131.0 12.8 13.20 54.5 
2.40 197.0 13.8 14.13 56.6 

Y 1.70 250.0 14.8 11.96 57.8 
100  0.85 287.0 15.2 6.67 57.7 
85  3.25 81.0 9 .2  11.10 54.1 

3 .9  26.5 8 . 5  3.74 51.8 
2.45 135.5 10 .1  13.27 56.6 

4 1 .6  184.0 11.0 10.97 58.8 

14 

T 
85  0.72  219.0  19.4  5.62  59.7 

142 4.25  174.0  23.0  13.17  51.1 
4.83  39.5  20.0  3.31  46.1 I 4.0  220.0  23.8  15.26  52.1 

P60 7.4  900  800  50  142  3.57  297.0  25.4  17.39  54.1 
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TABLE 2 (Continued) 

Test Condi t i o n s  ( 1 )  R e s u l t s  - - 
P U P  K NaK  NaK  Nom. D i s  ch . Power Power 

Test I n l e t  I n l e t  I n l e t  A T Line K Flow Pres s .   Inpu t   E f f i c i ency   Fac to r  
No. p s i a  OF OF OF Vol t s   l b / sec  p s i a  kW % % 

P60A 7 .3  909 800 50 1 4 2  3.15 348.0 26.4 17.37 55.5 

""" "- 

P60.5A 15.8  1100 
P60.5B  15.8  1200 
P6 1 15.7  1300 
P6 1 A  
P62 15.8 
P63 15.8 
P9-1 15.4 
P64A 15.2 
P66 15.0 " 
P66A 15.7 I I 
P6 7 
P67A 
P68 
P6 9 
P70 
P71 
P72 
P73 

15.8 
15.8 
15.8 
15.7 

P74 15.7 
P7 5 15.6 I I 
P7 5A 
P76 
P76A 
P77 
P78 
P79 
P8 0 
P8 1 

16 .O 
16 .O L 
15.9 1300 
22.2  1400 

P8 1 A  22 .2  T 
P8 2 22.2 I 
P8 3 22 .o 
P84 22.0 
P8 6 22.2 
P86A 22.2 
P87 22.2 
P87A 22.3 
P8 8 22.2 
P8 9 22.2 
P90 22.2 
P9 1 
P92 
P93 
P94 22.5 
P94A 22.2 

250.0 
219.0 

66.0 
3.74  110.0 
3.25 195.0 
2.98  223.0 
2.45  274.0 

135  2.66  250.0 

" 

22.4  14.87  54.6 
20.2  14.55  50.1 
16.4  5.93  42.5 
18 .O 9.07  45.9 
19.2  14.00  48.4 
19.6  14.59  49.2 
20.4  14.36  50.7 
20.0  14.30  50.1 

- 

125  4.30  37.0  14.4  2.96  43.4 
'1' 3.75  110.0  15.4  10.60  46.0 

162.0  16.4  13.23  48.5 
218.0  17.3  15.13  50.1 

125  2.45  239.0  17.8  14.21  51.1 
100  3.82  33.0  9.40  3.22  44.8 

3.2  85.0  10.2  10.02  47.6 
2.45  144.0  11.2  12.95  50.7 
1.65  197.0  12.0  11.50 52 .3  

100 0.76  229.0  12.4  6.03  53.1 
T 
85  3.16 50.5 7.48 
A 2.45  103.0  8.20 

2.20 117.5 8.40 
1.65 140.0 9.30 
1 .65  145.0 8.90 

85  0 .75  180.0 9.40 
142 4 .25  78.8 18.4 
3 3.95 126.0 19.4 

142 3.49 188.0 20.6 
135 4 .25  56.0 16 .0  

6.79  47.9 
12.06  50.3 
12 .24 
10.08 
11.09 
6.06 
6.69 

10.35 
13.46 
4.23 

51 .5  
56.4 
53.1 
54.7 
44 .O 
45.5  
47.8 
42 .6  

T 3.75  127.5  17.4  10.71  45.0 
3.2  185.0  18.4  13.32  46.9 

4. 
135 
125 
'r 

1 
125 
100 

3 .0  
2.55 
4.2 
3.78 
3.2 
2.85 
2 .5  
3.76 

212.0 19.2 
252.0 20.0 

43.0 14.0 
93.0 14.4 

154.0 15.6 
190.0 16.4 
220.0 16.8 

41.5  9 .24 

14.01 48.3 
13.80 49.9 

2.93 42.2 
8.75 43.9 

12.73 46 .5  
13.72 48.4 
13.87 49.4 

3.70 44.1 
T 3.25  80.5  9.72  9.18  46 .O 

2.45  140.0  10.9  12.39  49.4 
L 1.65  190.0  11.6  11.24  51.4 

100 0.93 226.0 12 .2  7.48 53.0 
85  3.2 54.0 7.10 6 .69  46 .1  
5 2.87  74.5  7.42  9.53  47.4 

P9 5 22.5  1400 800 50 85  2.45 
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TABLE 2 (Cont i n u e d  

T e s t  Condi t ions  ( ' 1  
" -c 

Pump K NaK N a K  Nom. 
'l'c- s 1 

x0 . - 

P9G 
P9 7 
P98 
P98.A 
P99 
P99A 
PI00 
Pi 01 

- 

I n l e t  I n l e t  
p s i a  'F 

22.5  1400 
22.5 
23.0 1 
22.0 

" 

22 .o 
22 .2  1400 

8 . O  1000 
I'1C)lA 8 .0  
P102 8 .0  
P102B 8.0 
P103 8 .0  
P106 8 .O  
P106A 8 .0  
P106 B 8 .0  
P 1 06C 8.0 
P107 8 . O  
Pl11-0 15.4 
P111-1 10 .o 
P l l l - 2  5.0 
P l l l - 3  4.0 
P l l l - 4  3.0 
P l l l - 5  2 .o 

- 

Pl l lA 1 .8  
P112 15.2 
P112-1 10 .5  
P112-2 5 .5  

I n l e t  li T Line 
"F U F  Volts "- 

800 50 85 
85  

50 142 
. 1 100  135 

3.;- 
800 100 
900 50 

1 1, 
900 
800 

P112-3 5.0 
P112-4 9.0 

P113 :::E5 ti: 1. P112-5 

P113-1 12 .o 
P113-2 10.0 

K Flow 
l b i s e  c 

1.70 
0.75 
4.25 
4 -45  
4 .O 
3 -67 
3 . 5  
4 -25  

-~ 

Resu l t s  
D i  s c h  . Power  Power 

" 

P r e s s .  
p s i  a 

133.0 
174.0 
78 . O  
66.0 

108 . O  
146.0 
174 .O 
124.0 

I npu t 
kW 

8.30 
9 .oo 

18.0 
17.4 
18.8 
19.2 
20 .o 
19.8 

J- L 
4.8  33.6 18.0 
3.25 259.0 22.4 

~ .- - - 
3.73  19zT-21.2- 
2 .9  299.0 23.2 
4.25 124.0 20.0 
3.75 192.0 21.4 
4 .7  52.0 18.2 
4 .85  32.0 l s . 0  

135  3.3 261.0 22.6 
130  3.24 255.0 20.8 

3.20 250.0 20.8 
3.2 248.0 21.2 
3.17 244.0 20.8 

Efficient:: Fac tor  
:9 70 

10.66 51.3 
5.94 53.6 
6.12 4 2 . 5  
5.13 41 .6  
8.52 44.1 

11.16 45 .9"  
12.50 46 .5  
11.62 49.3 
2.97 46.6 

15.85 53.5 
14.40 51.7 
15.83 54.9 
10.73 50.1 
14.02 52 .O 
4 .95  47.3 
2.81 46.9 

16.08 54.1 
16.25 53.7 
16.08 53.7 
15.97 54.1 
15.92 54 .1  

i: 

. . ~ ,  

I - .  . " 

1. 3.20  242.0  20.9  15.95  53.3 
130 2.5  192.0  19.2  10.77  49.2 
100  1.28  203.0  13.6  8.24  55.7 
132  4.2  122.0  18.6  10.48  49.1 

1 4.0 
84.0 17.5 7.85 47.4 

. .  4.38 92.5 18.2 8.74 48.3 
132 4.38 93.5 18.2 8.72 48.2 
135  4.25 70.0 17.0 6.35 44.5 

4.25 68.0 16.9 6.51 44.3 

" 

I. 4.2  124.0  18.8  11.04 - - 49.0 
i15.0  18.6  10.69  49.0 4.2 

" 

:r 4  .2 66.0  16.8  6.42  43.9 
P113-3  9.2  1300  800 50 135  2.5  29.7  14.8  1.64  38.9 

' )T~~mpera tu res  w i t h i n  10°F of value shown.  Voltage  maintained w i t h i n  1 V  of value 
l i s t v d .  

1..10w reversed i n  pump t o  check  performance. ( 2 )  
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